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GENERAL ELECTRIC ANNOUNCES A NEW LAYOUT KIT 
TO MAKE YOUR LIGHTING JOBS EASIER TO SELL! 


<4 
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Your General Electric “ Plan-It-Yourself” Lighting Layout Kit con- 


tains (1) layout sheets, (2) a fluorescent lighting estimator, (3) mov- 


Send for your new G-E "'Plan-!t- Yourself” 
Lighting Layout Kit today. It will help 
your lighting prospects sell themselves. 


The G-E “Plan-It-Yourself” Lighting Layout Kit 
is a brand new idea that makes your selling more 
profitable because: 


1. It makes your selling easier. Your prospect 
helps sell himself because he is in on the planning. 
He can visualize his lighting needs more easily. 


2. You can “sell up”. Because your prospect sees 
why the new layout fits his needs, you can sell him a 
better lighting job. You make more profit! 


3. You'll close” more sales. Once the layout is 
complete, your prospect okays it. Your sale is half 
closed even before a complete cost estimate is made. 


able, scaled “fixtures”, (4) gummed “fixtures” for your permanent 
layout, and (5) a lighting design guide. 


4. Order your sales-building ‘‘Pian-lt-Yourself” 
Lighting Layout Kit Today! Use it to make your 
next lighting job more profitable—more fun! Costs 
only $1.75—contains enough material for a dozen 
lighting jobs. Mail the coupon below, or see your 
G-E lamp supplier. 


j TO: General Electric, Large Lamp Dept., IE-7, | 
| Nela Park, Cleveland 12, Ohio. | 
| Gentlemen: | 
| Please send me new G-E “Plan-It-Yourself” Lighting | 
| Layout Kits @ $1.75 per kit. I enclose $ — | 
| 
| SEND TO. | 
(Please Print) | 
| COMPANY | 
| STREET | 
| city ZONE STATE | 
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MARIA HASTINGS ELEMENTARY SCHOOL, LEXINGTON, MASS 
* ARCHITECT, CHARLES A. COLE ¢ ELECTRICAL ENGINEER, 
JOSEPH A. ANASTASI, BOSTON 


ROOMS 


CURTIS FORTY-SIXTY SERIES are highly 
efficient direct-indirect luminaires with 
Alzak Aluminum, white Fluracite or fine- 
ribbed plastic side reflectors 


CURTIS PRINCESS 5000 SERIES are 
plastic-sided luminous indirect luminaires 
that provide a shadowless, glare-free 
illumination 


/ CURTIS SNO-FLAKE 


an attractive eff:- 
ciently operated 
Open-louvered in- 
direct luminaire 


that’s economical to 


«and maintain. 


Every Curtis School Lighting System is the complete inte- 


gration of high-quality, high-level illumination, totally free 


from the visual distresses caused by improper lighting 


distribution and high brightness 


ratios. Because every 


Curtis School Lighting System is the complete integration 


of these factors, each provide 


A sured Eye Ci mf rt® 


classroom lighting. Use the coupon provided below to send 


for complete specifications on thes 


three Curtis Assured 


Eye-Comfort® School Lighting Systems—all recommends 


types of school lighting luminaires. 


D 


eserve your copy of “THE ECONOMICS OF SCHOOL 
LIGHTIN he Che ck box below. 
CURTIS LIGHTING, INCORPORATED 


LIGHTING, INC. 6135 W. 65th St., Chicago 38, Illinois 


in Los Angeles: 242 S. Anderson St., ' CURTIS LIGHTING, INC., 6135 W. 65th St., Chicago 38, Illinois 
Los Angeles 33, California . Reserve my copy of “The Economics of School Lighting” 
in Canada: 195 Wickstead Ave., Name ’ 
Toronto 17, Canada 

Company__ = 

Address 

City 


JULY 1956 


ASSURED EYE-COMFORT’ 


1 
aA 7 
Ba. 
| 
= 
5A 


DESIGNERS 


How to Lend Added Lure to Today's Cars Effectively yet Unobtrusively 
with Lighting by LITECONTROL 


In this automobile showroom, LITECONTROL’S 5100 series fixtures were em- 
ployed to accent the natural glamor of the cars. The low brightness lenses pro- 
vide a high level of illumination while reducing glare to a minimum, and the 


fixtures blend quietly into the ceiling yet assure quality illumination. 


Thanks to Litecontrol’s exclusive trigger catches, fixture doors are easy to 
Open, easy to clese and easy to remove hence very easy to clean and service. 
Gentle fingertip pressure on easily accessible levers opens the doors — to close, 
just push them back in place. To remove — door is easily lifted out of the 


housing enclosure. Fixture finish is long-wearing baked white enamel. 


Whether you are planning a light 
ing installation for a showroom, of- 
fice, store of consider 


LITECONTROL. You will obtain 


library, 


superior lighting at standard fixture 


costs. 


INSTALLATION: A. W. Golden, inc., Cadillac-Pontiec 
Agency, Reading, Penna 


ARCHITECT. Carl A. Eisenhower, Reading, Penna. 
ENGINEER: J. L. Medlar, Reading, Penna 
CONTRACTOR: Acme Electric Co., Reading, Penna. 
DISTRIBUTOR: Graybar Electric Co., Reading, Penna. 


FIXTURES: LITECONTROL No. 5134 recessed slimline 
fixtures with Holophane #6016 low brightness 
plastic controlenses* in hinged doors with Trig- 
ger Catches. 


INTENSITY: Approximately 55 footcandies average in 
service, not including incandescent equipment. 


*k Holophane Co., inc. 


LITECONTROML 


KEEP UPKEEP DOWN 


LITECONTROL CORPORATION, 36 Pleasant Street, Watertown 72, Massachusetts 


ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 
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Engineered Lighting for Demonstration 


N,. MATTER how good the engineering, a 


lighting job almost always has to be sold. Prin- 
ciples of good lighting practice must be established 
in the customer’s mind so he can properly evaluate 
his proposed installation. 

It was with this fact in mind that the Arizona 
Public Service Company began its building pro- 
gram in Yuma, Arizona. Yuma, a rapidly growing 
town on the western border of the state, was in 
need of increased utility facilities, particularly 
since existing buildings were somewhat old, obso- 
lete and too small for the expanding operations. 

The program, completed in 1955, was for five 
buildings: two neighborhood offices, a repair shop 
for equipment, a warehouse, and a service center 
to house the managerial and sales staffs, the engi 
neering and the accounting departments and parts 
of the operating departments. 

The dual purpose of the lighting in these build- 
ings is (1) to provide adequate levels of illumina- 
tion for the various seeing tasks, and a comfortable 
visual environment; and (2) to demonstrate differ- 
ent lighting systems for prospective customers. 

Areas for which lighting systems are demon- 
strated include: general and specialized offices, 
reception rooms, conference rooms, auditorium, 
display areas, control rooms, warehouses, machine 
shops and yards. 

Since the installations have been completed, they 
have been demonstrated many times. Contractors, 
architects and engineers use the facilities to show 
customers what would be the best lighting practice 
for their own buildings. Lighting practice in the 
town of Yuma has been improved greatly since this 
installation was made. 


AUTHOR Arizona Public Service Co., Phoenix, Ariz. 


Display area and front canopy of Main Street Office. 
Recessed fixtures in the canopy light the entrance way. 
Over the display area commercial fixtures are mounted on 3 
foot centers with matching accent spots provided. Both 
louvered units and units with low-brightness glass bottoms 
are provided. Illumination at floor level is 110 footeandles. 
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By J. D. WHITNELL 


7, 


Prine 


Display and circulation areas in Fourth Avenue Office. 
Over display area is a plastic louverall ceiling with 2%%4-inch 
eubical cells. The cavity is 18 inches deep and single-lamp 
fixtures are mounted on 12-inch centers. Louverall ceiling 
is mounted at 10 feet. Illumination in 14 x 30-foot area is 
150 footeandles. In the circulation area, 70 footeandles are 
provided at desk height by translucent plastic fixtures with 
major distribution in an upward direction. The 4-lamp units 
are mounted 2 feet below the 11-foot ceiling, on 10-foot 


centers, 


Engineered Lighting for Demonstration—Whitnell 189 


4 
4 
= 
r ~ ‘ 
a 
‘ 


Engineered Lighting for Demonstration 


Auditorium. Semi-direct lighting system is supplemented 
by accent spots, provided so the room can be used to demon 
strate various appliances or other merchandise. Recessed 
troffers over the stage area have low-brightness lenses. 
Additional spots provide higher illumination levels, which 
are 60 footeandles in the seating area and 90 on tl stage. 
The relatively high level in the seating area was preseribed 
by previous experience that small auditoriums are used for 
a variety of purposes. Standard cove lighting fixtures along 
the wall supplement the general lighting and provide an 
interest accent on the wall. Posters can be hung under these 


units. 


Yard. Protective lighting and lighting 


for necessary night work in the yard is 
supplied by 1000-watt flood ghts, 6000 
lumen street lighting equipment and 


bracket lights on the buildings lamped 


Reception Room. The luminous ceiling in the ree: ption Conference Room, Although ceilings throughout this 
area supplies 35 footeandles, with supplementary illumina building are relatively low 9 feet suspended luminaires 
tion for bulletin boards. Halls are lighted with 2-lamp are used for demonstration. Here totally indirect units, 
units with plastic bottom panels. Air-conditioning ducts each with four 8-foot 430 ma lamps, give an average of 66 
prevented recessing on the low ceiling. footeandles on the table. 
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Storerooms. Various types of fixtures are used in the Assistant Manager's Office. Direct lighting system is 
storeroom areas for demonstration purposes. Unit shown demonstrated with 2-lamp surface-mounted fixtures with 


here has louver shielding; another type system has diffusing diffusing plastic bottoms. The 2-foot-square units, mounted 


in rows of six, supply 60 footeandles. 


plastie shielding. 


‘ 
‘ 
Sales Office. Although comparatively 
small in size, this office shows luminaires N 
of various distributions. Recessed incan 
descent, silver-bowl, luminous indirect, 
indirect, and direect-indirect fixtures are 
separately switched so that results can % 
be compared. 
Bookkeeping Department. White 
enamel shells with diffusing Alzak lou 
vers and spine use 40-watt T17 low 
brightness lamps. Fixtures are suspended 
one foot from the 9-foot ceiling, provid 
ing 63 footeandles. Similar fixtures, with 
T12 rapid-start lamps, are used in the 
meter readers’ room. 
JULY 1956 Engineered Lighting for Demonstration—W hitnell 491 


Engineered Lighting 
for Demonstration 


Foremen’s Write-Up Room, The fix 
ture here was chosen for surface mount 
ing, which would still provide some light 
on the ceiling. Glass side panels allow 
light to spread. The bottom plasti 
panels are composed of ‘-inch cubicle 


cells for 45-degree louvering. Footeandl 


level is 5 


Engineering Department. Direct indirect installation uses the T17 low 
brightness lamps in Alzak fixtures, mounted one foot from the ceiling, arranged 
at an angle of 45 degrees with the walls to minimize shadows on drafting 


boards. Illumination level is 80 footeandles. 


j 


Washrooms. Louvered industrial type 
fixtures provide 40-60 footeandles in this 
change room. Experience has shown that 
janitorial staffs do a better cleaning job 
when plenty of light is provided. All 
wall surfaces are painted in light colors, 
50% RF; ceilings are 75% RF. Floors 


also are light in color. 
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For Schoolrooms 


I, THIS PAPER an architect and an illumi- 
nating engineer examine the role of daylight and 
manufactured light in the schoolroom and conclude 
that the basic utilitarian light can best be supplied 
by manufactured light while daylight can function 
best in providing variation and change in the 
visual picture. 

The authors feel that, in developing designs 
based on this concept, schools can be greatly sim- 
plified in design, flexible in size, shape and orien 
tation, and can have adequate levels of illumina- 
tion with comfortable visual environments with 
construction and annual costs at least comparable 
to designs relying heavily on daylight for lighting 
levels. 

The locale of studies is the Upper Mississippi 
Valley area. The conclusions drawn should apply 
to other areas with similar weather conditions and 
may apply to areas with dissimilar conditions. 

In Part | 


some  ecost 


The paper is divided into two parts. 
the illuminating engineer 
studies and observations on lighting and bright 


ness conditions. In Part IT the architect examines 


presents 


the illumination requirements in a schoolroom and 
how both daylight and manufactured light can be 
used to perform the function best suited to each. 


Part I 


A. In General 

Several basic types of construction are prevalent 
in this area. Figs. 1 through 5 indicate some of 
the fenestration techniques that have been used. 
One design, Fig. 1, uses clear glass from window 
sill to ceiling with interior shielding — frequently 
venetian blinds. This design allows good visual 
association with the outside when the shielding is 
not used, but it has been noted that in actual op- 
eration the blinds are normally left at a fixed level 
giving a vision strip appearance with the plane of 
the blind being varied for brightness control. 

Fig. 2 shows a design using a large exterior 


A paper presented at the National Technical Conference of the 


INuminating Engineering Society, September 12-16, 1955, Cleveland 
Ohio. AuTHORS: Hammel and Green, Architects, St. Paul, Minn.., 
and Northern States Power Co., Minneapolis, Minn., respectively 
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Manufactured Light Vs Daylight 


By RICHARD F. HAMMEL 
LAWRENCE E. JOHNSON 


shield. This design does overcome sky glare to a 
large extent and does not require the manipulation 
common to interior shielding. The windows in this 
ease are used to provide the view rather than to 
admit daylight. Ground reflections would provide 
Inte- 


rior shades would be required if audio-visual teach- 


the major source of daylight in this design. 


ing aids are used. 

Refracting glass block walls, Fig. 3, have been 
used in a number of cases to reduce sky glare and 
to direct light into the room. Studies! indicate that 


with this design ceiling heights should be equal to 


Figure 1. Clear glass fenestration to ceiling, shielded 
by venetian blinds. 


Figure 2. Clear glass fenestration to ceiling with ex- 
terior shielding. 
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one-half the room width for best results. This 2 to 
1 ratio of room width to height may limit the 
designer in developing room proportions dictated 
Adding of shield- 


ing to control brightnesses with low incident sun 


by the requirements of the room 


and for darkening the room when using projected 
pictures should be considered 

Clerestories, Fig 4 have been used in some 
schools in this area using either clear glass or re 
These devices must be gen 


olass block 


Tracting 
erous in size to contribute significantly to lighting 


Directional glass block with vision strip. 


Figure 3. 


Figure 6. Manufactured light provides adequate levels 
of light in this room. Four-foot-high windows allow 
for good visual association with outdoor scenes. 


Vanufactured Light Vs Daylight 


Hammel-Johnson 


levels. The added cost of this construction and the 
problem of controlling brightnesses in the room 
should be considered. Maintenance is also a factor. 

Plastic ceiling domes, Fig. 5, have been used in 
some instances to supplement lighting levels in the 
inner portion of rooms. Frequent attention to 
shielding devices to compensate for excesses or 
deficiencies In daylight can be expected. 

All these techniques indicate that designers are 
being called upon to exercise considerable ingenu- 
ity in trying to gain the advantages of daylight 
while overcoming attendant disadvantages. The 
varying degrees of success attained indicate that 
perhaps an entirely new approach should be con 
sidered. 

The type of classroom design which is possible 
when manufactured light is used to provide basic 
lighting levels is shown in Figs. 6 and 7. The 
room is 25 feet along the window wall and 34 feet 
deep, has a 10-foot ceiling, and uses 4-foot vision 
strip with 4-foot overhang. The so-called utilitarian 
lighting is planned entirely from a manufactured 
source — in this case a baffle lighting system of 
some 60 to 75 footeandles. The overhang provides 


shielding for sun altitudes down to 45 degrees. For 


Figure «. ftour-foot overhang provides sun shielding 

for sun altitudes down to 45°. Window shades draw up 

from window sill to provide for shielding of lower sun 
positions or to darken room. 
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Figure 4. Clerestory lighting. Figure 5. Plastic ceiling domes. 
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lower sun positions or to darken the room, shades 
are drawn up from a recess in the window sill. 
This room allows a more compact plan which is low 
in cost, simple in construction, flexible in size, and 
requires a minimum of manipulation of shading 
devices to compensate for daylight variations. 
The question arose in this case whether the cost of 
operating lights continually during class hours was 
a major problem. We have endeavored to answer 


this with some cost figures. 


B. Cost Analysis 

Four classrooms, Type A, B, C and D, Figs. 8, 
9, 10 and 11, similar to those already discussed 
were compared on a basis of amortized construction 
cost, heating and lighting costs.* Equipment com- 
mon to all types was not included in the compari- 
son. All rooms were 24 ft x 32 ft in size with a 
10-foot ceiling except Type B where a 12-foot ceil- 
ing was used to utilize light from glass block wall. 
Types A and B have long side of room to weather; 
Types C and D the short side, effecting a noticeable 
saving in construction cost and heat loss. Venetian 


blinds were used for daylight shielding. 


B-1. Building Costs 

(See Appe ndix A for construction outline. 

Assumptions: Building amortization—50 yrs. @ 3% interest 
or $38.87 per $1,000 per year. 
Plastie ceiling domes—20 yrs. @ 3% interest 
or $67.21 per $1,000 per year. 
Blinds—10 yr. amortization @ 3% interest 
or $117.23 per $1,000 per year. 


Initial Cost* Yearly Cost 


Type A Base Cost* $8,605.00 £335.00 
Shielding 168.00 °0.00 
Total $8,776.00 
Type B Base Cost $8,524.00 
Shielding 216.00 25.00 
Total $8,740.00 $356.30 
Type Cost $7,880.00 $307.00 
Shielding 190.00 22.00 
Plastic Domes $80.00 32.00 
Total $8,550.00 11.00 
Type D Base Cost 8,038.00 
Shielding 54.00 6.00 
Total $8,092.00 £318.00 


*Does not include construction or equipment common to all types 


B-2. Heating Costs 


Assumptions: 7,870 degree days per year (September-May 
70-degree design temperature. 
Fuel cost $1.00 per million BTU delivered 


to room. 


Cost per 
Coefficient of Square Foot 
Transmission—U per Year 
Masonry 32 $.0565 
Glass Block 56 10 
Window Glass & Plastic 1.13 20 
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TABLE | —Summary of Annual Costs 
(to nearest dollar). 


Building, 
Heating 
Building Heating Lighting and Lamps Lighting 
Type A $355.00 $50.00 @ 200 hrs. — $14.00 $419.00 
») 400 hrs 28.00 433.00 
@ 600 hrs. — 42.00 447.00 
Type B $2356.00 $44.00 @ 200 hrs. — $14.00 $414.00 
@ 400 hrs 28.00 428.00 
@ 600 hrs 42.00 442.00 
Type C $361.00 $44.00 @ 200 hrs. — $14.00 $419.00 
@ 400 hrs 28.00 4 00 
» 600 hrs 42.00 447.00 
Type D $318.00 $27.00 1,000 hrs. — $70.00 $415.00 
*Does not include total building cost 
Heating Costs per Year: 
Type A Wall 32’ < 3’ X .0565 $ 5.42 
Window 33° 7" 44.80 
90 
Type B Wal 32’ & 3’ & .0565 $ 5.42 
Window 32” 3" .20 19.20 
Glass Block 32’ * 6’ X .10 19.20 
$43.82 
Type C Wall 24’ X 3’ & .0565 = $ 4.07 
Window 7° .20 33.60 
Plastic domes 3 X 10 sq. ft. & .20 6.00 
$43.67 
Type D Wall 24’ 6’ .0565 = 6.16 
Window 24’ 4’ X .20 19.20 


B-3. Lighting 

Assumptions: 21 fixtures—-2-lamp, 40-watt direct-indirect 
fluorescent. 
100 watts per fixture. 
Lamps—$1.00 each installed, 7500 hours life. 
Energy Rate—.03 per kwh. 

Lighting Cost Calculations:* 


Type A, B, C—200 hrs. per yr.—-operation and lamps $14.00 


400 Ditto 28.00. 

600 Ditto 42.00 
Type D 21 fixtures, 1,000 hours operation 

at $.03 per kwh = $63.00 


Lamp cost— 


1000 
42 lamps $1.00 , 5.60 
7500 
Total lighting and lamps per year $68.60 
assume £70.00 


‘Operating hours for Type D were based on 1,000 hours per year 
(180 days @ 5 hours per day + 100 hours). Operating hours for 
Types A, B, C are shown for 200, 400 and 600 hours since no data 
is available on actual burning hours when daylight contributes to 
the illumination. It was observed, however, that the determining 
factor in whether or not lights were operated was not necessarily 
the illumination level alone but also depended on brightness distri 
bution in the room. Very few teachers, to say nothing of trained 
illuminating engineers, would be able to estimate the footcandle 
range in a classroom so they would be able to use the lights only 
when the increased level was needed, whatever that level might 
be. However, they could determine whether the brightness pattern 
was comfortable or interesting to them and if the room looked better 
with the lights on they would be used even though a meter might 
indicate adequate leve's without it. 
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Figure 8. Type A classroom used in cost studies. 
Clear glass fenestration. 
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Figure 10. Type C classroom used in cost studies. 


Clear glass fenestration with plastic ceiling domes. 
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Figure 9. Type B classroom used in cost studies. 
Glass block with vision strip. 
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Figure 11. Type D classroom used in cost studies. 


Four-foot clear glass vision strip. Lighting from 
manufactured sources. 
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It is realized that construction, heating and light- 
ing costs are not a large factor in the overall cost 
of education, but they do receive serious considera- 
tion. These comparisons are presented here, how- 
ever, primarily to indicate that operating cost need 
not be a deterrant to considering the designs rely- 
ing exclusively on manufactured light for lighting 


levels. 


C. Footcandle Readings 


The variations in outside brightness conditions 
and adjustment in shielding devices made com- 
parisons of lighting levels difficult or not too mean- 
ingful. However, under actual conditions we found 
the following variations in daylight footcandles 
during class hours on the outside, center and inside 
rows of seats: On a clear day, Type A — 310-130- 
55 (blinds down and adjusted); Type B— 220- 
170-100 with incident sunlight, 70-36-19 with no 
- 1000+-270-180 (with 
On a cloudy day, 


incident sunlight; Type C - 
incident sunlight, blinds up). 
Type A -— 50-30-14 (blinds down and open) ; Type 
B — 23-9-5; Type C —50-30-7 (4 feet from cen- 
terline of plastic dome). In Type D with 60 foot- 
candles of manufactured light we had the follow- 
ing levels: On a clear day, 200-88-70; cloudy day, 
80-65-60. 

Again no definite conclusions are drawn except 
to indicate the variation that can be expected 
under varying daylight conditions and that satis- 
factory levels of light with considerable uniformity 
ean be had using manufactured light. 


D. Visual Comfort 

Several things prevented our making a detailed 
analysis of visual comfort comparisons in the sev- 
eral types of rooms. Varying conditions of day- 
light brightness, external plantings, buildings, etc. 
made comparisons non-uniform. Also the applica- 
tion of visual comfort factors to visual fields with a 
large unbalance in flux distribution between the 
right and left portions of the field has not been 
proven.* 

We did calculate the visual comfort responses 
(VCF)® for actual conditions from positions at the 
inside wall looking out, however. When outside 
brightnesses were relatively low—around 300 foot- 
lamberts—or when control devices were used to 
keep these brightnesses down, the calculated re- 
sponses were good for all types, ranging from 70 
to 80 per cent. When outside brightnesses were 
relatively high, 750 to 1200 footlamberts, and no 


*H. L. Logan states that visual comfort factors (VCF) of the 
Logan-Lange Method have proven out only when the unbalance is 
no greater than about 2 to 1 (65% -35%). In all cases we ex 
ceeded this for a rear center viewing position 
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Figure 12. Trend in use of audio-visual films indicates 
that provisions must be made in schoolrooms for their 
use. 


control devices were used on window or glass block, 
all comfort response calculations were low — below 
10 per cent. Studies under controlled conditions 
might make comparisons possible. 

With the trend towards random orientation of 
seats in all grades, it becomes imperative that 
brightness patterns from all viewing positions re- 
ceive additional consideration. It is possible to 
have comfortable conditions on bright days from 
all angles of view but control devices must be 
planned for shielding windows, glass block and 
other luminous surfaces. 

A considerable point has been made about control 
of daylight for the use of audio-visual teaching 
aids which are becoming so popular in some teach- 
ing programs. Fig. 12 shows the trend in use of 
films in the St. Paul, Minnesota public schools and 
from the University of Minnesota film library. 
Special projection rooms apparently do not meet 
the needs of A-V programs. To be used effectively, 
authorities agree that A-V work should be carried 
on in the individual classrooms. Daylight screens 
have not proved satisfactory for competing with 
room brightnesses so it appears that all rooms 
should have blackout facilities. Almost without 
exception classrooms in our area relying on day- 
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light have had no provisions for darkening the 


"OO TUS 


The controlled window areas ol Type D 


classrooms make darkening a simple procedure. 


Part 


1. Economy in the Use of Manufactured Light 

We have in the first part of this paper explored 
the economics of classroom constructions in which 
various lighting techniques are used. These studies 
indicate that classrooms in which manufactured 
light is properly utilized are less expensive than 
“daylighted” rooms. We have noted that these 
rooms have more uniform lighting, a somewhat 
smaller annual cost, good comfort conditions, and 
are more adaptable to modern teaching techniques 

There are also substantial economies and fune 
tional advantages possible in the design of the 
school-building itself by the proper utilization of 
manufactured light. These economies are substan- 
tial and involve both first cost and owning cost 
The functional advantages are a more compact and 


flexibl school building 


B. Light and Delight 


Before we examine further these economies and 
functional advantages, it will be necessary that we 
consider two uses of light in school buildings The 
prifhary use is for lighting for seeing, the second 
ary use is for lighting for effect or delight. The 
two are of course closely related, but they are not 
necessarily the same thing. 

Lighting for seeing is that light required to see 
the book, the chalkboard, the teacher, the basket- 


ball, the 


narrowly 


erayon. It is functional lighting, using a 
pragmatic definition for “functional.” 
For this want a reliable, controllable, 


purpose we 
glareless and efficient light source. 
Lighting for delight in the school building, as in 
is the element 


any successful piece of architecture, 
of change, or surprise. The student may gain this 
hy hay ving ‘lassrooms, as he does evers hour in 


the high school, or by beginning a new activity in 


the same room. He may gain it by walking through 
a brightly lighted corridor on the way to the cafe- 
teria with the sunlight streaming unsuppressed 
through the corridor walls. In successful buildings 
the student retains a kinship with and awareness 
of the out-of-doors and contact during at least part 
of the day with the primary creator of our visual 
environment, the sun. This “delight” is not neces 
sarily sunlight or daylight, it may be from other 
sources, but it should be considered separately 
from lighting for seeing 
For many years now we have not always, in 
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schoolhouse construction, made this distinction. 
Although schoolhouses are not the only major con- 
struction type in which the distinction between 
light and delight has not been made, it is the only 
one in which daylighting has been emphasized to a 
great extent. 

That this distinction has not been a concern until 
relatively recently is probably because electric 
lighting has not been an efficient instrument in the 
schoolhouse for much more than a decade. No one 
should expect that its growing usefulness would 


have been fully explored. 


C. Daylighting as a Criterion 


One of the unfortunate results is a confusion of 
criteria in the judgment of school buildings. Even 
after the advent of reliable manufactured lighting, 
the most important single criteria for judging the 
suecess of a classroom or a school building seems 
to be the degree to which it is daylighted. People 
think a daylighted school is a “good” school. Day- 
light schools include schools that are toplighted 
with skylights or plastic domes, clerestories, by 
borrowed lights, by glass blocks whether in the 
wall or the roof, or by some other similar device. 
Another unfortunate result of daylighting as a 
criterion is that in the typical schoolhouse electric 
lighting enters the planning picture only after 
most of the budget (and the budget is usually very 
tight) has been spent for daylighting devices 
These daylighting devices only work in the day- 
light, and therefore, not at night time, or on dark 
days. In our own area of good clear weather, 
about 38 per cent of the days during the school 
year are too dark to permit daylighting devices 
to function properly even in the daytime. The 
effectiveness of daylighting devices depends on 
such items as the brightness of the sun, its angle 
with respect to the device, degree of overcast, 
cleanness of the glass block or other device, time of 
the day, or the season of the year, seems frequently 
overlooked. 


picture, when considering all costs, is often over 


It appears that the economics of the 


looked. Daylight is not “free” when there are in- 
creased construction eosts necessary to utilize it. 


D. No Other Building Type Uses “Daylighting” 
as a Criterion 
No other building type, besides the school build- 
ing, is really judged by its daylighting techniques. 
Our factory designers have largely forgotten 
about daylighting devices such as the sawtooth 
roof, monitor, the glass-walled factory in the inter- 
ests of economy, easier maintenance, and better 


lighting for seeing. 
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Office buildings are seldom lighted with glass 


blocks above vision strips, with clerestories, or other 
daylighting devices. Nevertheless, today’s modern 
office building has received careful attention by 
both the architect and the client to make it a more 
pleasant and efficient place to work. Daylighting 
is not considered sufficiently important to consider 
as light for seeing in the office building today. 
Even such buildings as Lever House and the 
United Nations building in New York, with their 
walls of glass are not presented as better buildings 
to see in because of their glass walls, for the 
windows are closed off with drapes and venetian 
blinds. Here glass is for architectonics but not for 
lighting for seeing. 

Hospitals and allied structures such as clinics, 
are becoming less involved with daylight, and are 
seeking through the use of manufactured light even 
better means of lighting increasingly difficult tasks. 
The operating room is now windowless, so are the 
labs. The patient’s rooms, the day rooms, the 
lounges, areas where delight as well as light for 
seeing must be provided have windows, but the 
planners do not assume that the patient must be 
bathed in sunlight from windows reaching to a 
12-foot ceiling, but only that a view and pleasant- 
ness be achieved. 

Churches, of all building types, as designed by 
some of our more sensitive architects probably 
illustrate most clearly the distinction between light 
and delight. Here the designer is faced with the 
problem of achieving a mood of worship and rever- 
ence, and with the functional problem of providing 
the illumination necessary to witness all the activi- 
ties involved in church ceremonies, whether it be 
the bridal procession or the sacraments at the altar. 
For most of the activities manufactured light does 
the best job; in fact no other source is generally 
even considered. But the designer will use daylight 
or sunlight crossing the nave and to highlight the 
altar, or illuminate a cross. This illumination may 
also be from a manufactured light source, but in 
any case, it is not lighting that is required for see- 
ing, but lighting that assists in the development of 
the spatial qualities of the church or accents impor- 
tant items in the room. This is light that delights. 

Likewise in the school building, for seeing the 
book, the chalkboard, the teacher, electricity pro- 
vides the only source of light which can be relied 
upon to furnish controlled quantities and qualities 
of illumination. In the school as in the church we 
must furnish delight. In the church it is a worship- 
ful surround; in the school the student should be 
aware of the changing pace and moods of nature, 
of his kinship to the world outside. The sun must 
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enter spaces in the building. But let us make the 
distinction between what the sunlight and what 
the electric light does. We must assign to each the 
job it does best. Reliance on daylighting instead of 
manufactured light in providing lighting for see- 
ing has made impossible many basic economies in 
schoolhouse planning, for the desk lighted with 
daylight can never be very far from a window, as a 
result of which our schools are long, drawn out 
affairs with long corridors and correspondingly 
great amounts of exterior wall surfaces. 


E. Lighting for Use 

We suggest that a more proper criterion for use 
in the judgment of schoo! buildings must be pro- 
posed ; one that is not ambiguous. We suggest that 
this criterion might be: How well is the space 
lighted for the use for which it is intended. This 
is the idea of “lighting for use” which has been 
found a powerful tool in the hands of the architect 
and the illuminating engineer. 

By lighting for use, we mean providing that 
type and quality of lighting necessary for use of 
the room occupants, considering their physiological 
and psychological needs. This definition requires 
that all of us involved in lighting seek further into 
what these needs are. 

This proposal frees the architect of the restric- 
tions in the school building plan which have been 
placed upon him by reliance upon daylighting. It 
makes possible shorter, more compact, and there- 
fore less expensive buildings to construct. It makes 


possible comfortable, more flexible, and useful 
classrooms. It makes possible savings in the owner’s 
operating costs through significant reductions in 
the maintenance problems frequently associated 
with daylighting techniques, and reductions in 


heating costs. 


F. Classroom Shapes Should Be Dictated 
by Classroom Function 

Classrooms today are becoming differentiated to 
a great degree; they are also larger. There are 
classrooms for kindergarten pupils, home economics 
students, the study of wood-working techniques, 
for physical education, and for such activities as 
watching the senior class present its one-act play, 
to mention a few. Few of the rooms (we really 
believe that none of the rooms) designed for these 
activities fit well into the traditional 22-foot or 24- 
foot deep classroom dictated by most daylighting 
techniques. All of these room types and uses are 
adaptable to existing techniques in the use of 
manufactured light; its use makes it possible to 
proportion the room to the activity taking place in 
the room independent of the relationship between 
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window wall and room depth. With the use of 
manufactured light it is possible to make the kin- 
dergarten exactly that shape which its function as 
determined by the educators requires. The home 
economics department need not be a ribbon of a 
room 24 feet deep and 60 feet in length, but can 
be an easily supervised and functional space per- 
haps 35 feet deep and 40 feet in length. The same 
planning approach is possible in all of the various 
rooms in the school providing manufactured light 
is used as lighting for seeing. 

One thought should be entered here about the 
importance of rooms other than the so-called “class- 
room” in today’s school buildings. In the typical 
elementary school only about 40 per cent of the 
total building area is “classroom” area. In the high 
school the proportion is even more surprising; less 
than 20 per cent of the total building area is in 
“academic” classrooms. The other spaces are gym- 
nasiums, shops, music rehearsal rooms, auditoriums, 
cafeterias, kitchens, corridors and so forth. The 
adaptation of daylighting techniques to these areas 
would require such contortions in building plan 
and structure that daylight has not been seriously 


considered in these areas. 


G. Overall Building Design 
Should Be Dictated by Function 

The designer who utilizes the idea of lighting for 
use with manufactured light as his primary tool, 
need not confine his imagination to the “in-line” 
arrangement of rooms in the planning of a school 
building as has been dictated in the past by the 
limitations of daylighting devices. He may create 
than the 
plans or snake-like plans now common. 


far different plan types spread-out 
“finger” 
The use of manufactured light as the source of 
light for seeing makes possible a more functional 
school building as well as a more functional class- 


room. 


H. Two School Plans Examined 


In order that this freedom in planning be made 
more clear, we submit the plans of two schools, 
Figs. 13 and 14, designed around the theory otf 
light for use. 

Fig. 13 is of an elementary school. The compact- 
ness of the plan is readily apparent. Rooms which 
would gain little from an outside view are placed 
in a center core. In comparing this design with 
so-called conventional designs where daylight ex 
posure is planned for each room we found the 
external wall surfaces were reduced by about one- 
third resulting in considerable saving in construc- 
tion and maintenance costs. 

Fig. 14 shows the first floor plan of a junior 
high school which also takes advantage of this con 
cept. In this plan certain of the corridors are 
exposed to the outside and students have the 
change of pace from an outside view between class 
periods. 

Our experience with existing school plants indi 
cates that their obsolescence is in large part due 
to inability to adapt existing buildings to changing 
needs. Thirty years ago a typical high school had 
a principal who was assisted by one clerk as its 
entire office staff. Today the same school has a 
minimum administrative staff of eight 
Likewise, the high school today has far more elab 
orate facilities for industrial arts, home economics 


persons 


music, art, crafts, physical education, and in-school! 
dining to mention a few. The academic classrooms 
in 1920 were from 600 to 700 square feet in area, 
today they are 900 to 1000 square feet in area 
This experience indicates that one criterion to use 
in the judgment of a high school plan is its ability 
to adapt to changing space requirements, including 
space, size and use. 

By utilizing manufactured light, the designer of 
this school, Fig. 14, has been able to assemble the 
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Figure 13. An elementary school using manufactured light as a basic light source. 
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Figure 14. A junior high school using 


arts areas (music, fine arts, industrial arts, home 
making, and speech) into one large area. Each 
of the spaces in this area is planned for its most 
functional arrangement without regard to window 
lighting and the rooms can assume the square 
shapes most desirable for these activities. In addi- 
tion the grouping of the areas in one large block 
makes possible future rearrangement of spaces 
with a great degree of flexibility. These factors 
of flexibility are extremely important in the high 
school as stated above and should serve to increase 
the useful life of this school by retarding obsoles- 
cence in plan arrangement. 

The classroom wing is traditionally planned in 
the sense that each classroom has exterior exposure, 
but again here the rooms are deeper than is easily 
possible with daylighting techniques (thirty feet) 
which will permit future educators to assemble 
three rooms into two without obtaining unsatisfac- 
tory room proportions. The ceiling height in these 
thirty-foot-deep rooms is 9 feet 0 inches with re- 
cessed fluorescent troffers providing approximately 
60 footeandles of light, average maintained. 

A function of the compactness of the plan of 
this school is a reduction in student travel and 
better relationships of school facilities. Reduction 
in student travel is extremly important in the high 
school as students change classrooms each hour, 
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manufactured light as a basic light source. 


and somewhat less important in the elementary 


school. 


J. Conclusions 

The use of manufactured light for the school- 
room, independent of daylight, and the proper 
adaptation of the idea of “lighting for use” makes 
possible more compact and less expensive school 
buildings that are pleasant, functional, and adapt- 
able to future change. 


Appendix A — Construction Outline 
(See B-1, page 496 


The standard construction details for the four types of 
classrooms are as follows: (1) 20-year bond pitch and 


gravel roof; (2) 1%-inch rigid insulation; (3) galvanized 


22 gage metal deck; (4) steel joists on steel frame; (5) 
half-inch acoustic tile ceiling on gypsum lath (contact 
ceilings); (6) asphalt tile floors, one-eighth-inch, C grade, 
with rubber base; (7) 4-inch concrete slab on grade; (8) 
6-inch gravel fill below slabs; (9) exterior pipe tunnel (4 
ft x 4 ft); (10) reinforced concrete (30004) foundation 
walls (12 inches) and footings; (11) concrete block tunnel 
walls (8 inches); (12) gypsum tile partitions, 4 inches, 
plastered; (13) exterior walls constructed of 4-inch face 
brick ($60.00 per M) with 8-inch clay tile back-up, plas 
tered; (14) aluminum windows, window sills, and roof 
edge; (15) slate stools; (16) corridor wall, clear-glazed 
structural tile, corridor 12 ft 0 inch wide; (17) glass block, 
8 inches x 8 inches, directional; (18) windows, clear glass, 
double strength, “A” grade; (19) classrooms assumed built 
on level site, no grading included. 
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DISCUSSION 


J. W. Grirrira:* It is most unfortunate that the authors 
chose the title “Manufactured Light Versus Daylight for 
School Rooms.” For several years we have been trying to 
approach school room lighting from the standpoint of manu 
factured rit and day! ght To properly discuss this paper 
in additional paper presenting the daylight 
ing side of such a controve rsy. rhis would only tend to re 
establish the old feeling in many of the school board mem 
bers and executives that classrooms that are to be used 


during daylight hours need not have artificial lighting and 


ther the cause of integrated light 


I realize that a cost analysis can be made to favor almost 


iny type of design and that lowering the cubage does not 
greatly lower the cost of construction; however, this is the 
first cost com} son I have seen that actually shows a sav 
ing in construction sts by increasing the ceiling height 
| yn \ classroom with a 10-foot ceiling has a higher bas 
cost than type B witl i 12-foot ceiling height 

One point not diseussed in the comparison of classroon 
ty with tl of da thting in Type D 
tl r spe tral quality of the fluorescent imps wi ! 
more noticeable than in the other classrooms where tl 
daylight tends to wash out this discrepancy 

The authors point out that the artificial lighting prod ices 
considerable uniformity Unfortunately, the average class 
is mack » of students who do not necessarily all like the 
same level of illumination. In fact th iriation of illumi 
nation level required for certain types of tasks may vary) 
in individuals as much as ten to one or even higher as has 
been brought out by Guth and Eastman ! Ir ther words, 
if you do not have asymmetric lighting, you are forcing 


everyone to work under the average condition. Where you 
have asymmetric lighting as in the case of many daylighting 
installations, the individuals have a choice of levels de 
pending upon the location of the desks. It is quite true 


that the teacher may not let the student have a choice 


s not the duty of the illuminating engine! 


Howev 
to enfor good teaching practice, but provide proper light 
ing installations 


It s just is improper to design a classroom without 


daylight as it would be to design a eclassroon or daytime 


use tl it artificial light If schools are designed without 
d ghting, it is quite possible that a trend would develop 
toward a “Standard School” design This might be eco 
non n that it would save the cost of an architect’s fee, 
but it would also stifle progress. 


In conclusion I would like to re-emphasize the statement 


made | tl ithors: “People think a daylighted school is 
a good school.” People ind we design schools for the 
people) will continue to think a daylighted school is a good 
unless we develop some propaganda scheme to suppress their 


1. Guth, S. K nd Eastman, | I Footcandles for the For 
gotten Mar ILLUMINATING ENGINEERING, Vol. LI, No. 3 Mar: 
‘ 

*Southern Met list Ur rsity. Dallas, Texa 
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E. M 


Sharp who first drew attention in a major way to the in 


Srrone:* I think it was Past President Howard 


ippropriateness of the use of the word “artificial” to 


deseribe light other than from the sun. Introduction of th 
word “manufactured” by the authors is to be weleomed as 
an effort in this direction. There is nothing artificial about 
light obtained from candles or lamps; whether they us 
combustibles or electricity their light is the real thing 
Artificial light in properly definable as a sensation of light 
visible electromagnetic 


stimulated by a _ substitute for 


radiation. Examples are found in electric shock around 


the head, or the shock of being hit over the head so as to 
“see stars.” 


The term electric light has been suggested: it is shorter 


light’ 


than “manufactured but eliminates combustibl 


sources. I like the still shorter term, “lamp light” whiel 
seems to some of us to cover the intended meaning simp 


and saecurately. 


R. W. McKinuey:** The 


provoking presentation on a subject of wide 


authors have made a thought 
interest. Their 
cost analysis assumption that the same bidding patter: 
will apply in the four examples is necessary, but it brings 
out relatively small differences which are, as stated, not 
complete reflections of the total cost relationships 

They have neglected, as is common practice 


today, t 


a comparison of the warm weather comfort probler 


despite full recognition that cold weather comfort is at 


important cost element Though of less importance n 


Minneapolis than in the South, ventilation is necessary for 


comfort 


Also, they have not credited the rooms with larger 


glass area with the solar heating “bonus” which thes 


hours, whiel 


different 


provide during the short daytime occupancy 


explain why office design is usually based on 
eriteria. 


L. V. JAMes:' My remarks are prompted, in part, by an 


experien one February morning in a Chicago suburbar 
schoolroom It was a bleak day, trying to rain. The head 


of a north exposure window was about eight feet from th 
floor and an overhang extended out about four feet. 
Looking out this window, from a student’s chair facing 
it, a band of sky appeared between the overhang and a 
row of houses and trees on the other side of a large pias 
ground, which sky, despite the 


actual 


weather, had by 
measurement a brightness higher than that of a standard 
T12 fluorescent lamp. Projected to the glass, this sky eco 
stituted a band of brightness two feet wide at that point 
and as long as the window. 

What do you think would hav 


recommended an almost identical condition due to an in 


happened to me had I 


stallation of sixteen of these lamps, mounted side by side, 
at the low elevation and directly in front of many of th 


pupils and also extending the length of the room? 


This experience has been in my mind as I review this 
challenging paper. It gives many important details in con 
neetion iwth the lighting of schoolrooms, but is based on an 
important premise of viewpoint. It is really because I am 
afraid the details may have obscured the viewpoint, for 
many of those who read the paper, that I presume to 
emphasize it. 

We may remonstrate with an architect and school board 


that daylight as such is not kind. We may insist that sky 
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glare and snow glare as well as sun glare are of an order 
out of all reasonable proportion to what we require of those 
who provide the so-called manufactured lighting in the 
room. Also we may note that blinds and other devices 
intended to control this glare are frequently inadequate and 
often not used. The reply we receive is the very proper one 
that the windows are needed to bring the out-of-doors 
environment into the room, and all that this implies, in 
which case we subside and do our best to assure that the 
most effective controls possible are installed and used. 

It is true that the windows perform the very important, 
if not completely necessary, function of letting vision out. 
But it is also true that better means than these windows 
are available for providing illumination in the room, with 
out the danger of uncontrolled brightnesses, which means 
are today well developed and economically competitive. 
Why then not insist that the window areas be provided and 
designed for the important function noted, but not require 
of them that they also perform the lighting function which 
they do so poorly, from the side of the room and with 
poorly controlled brightnesses? 

This is the viewpoint to which I referred and which has 
impressed me more than the application details in the 
paper, interesting and important though these details are 
And I commend it to you for serious thought and use in 
conferences with school architects and school authorities. 

Let us dare to be honest and frank, rendering unto Caesar 
the things that are Caesar’s and advocate the windows for 
the functions they can perform so well, with adequate con 
trols that can and will or must be used. But let us not 
acquiesce in the use of these openings for purposes for 


which other means can provide so much better. 


L. E. Jonnson and R. F. HaAmMMet:* We appreciate th 
time the diseussors took to comment on our presentation. 
These men have spent considerable time studying the prob 
lem of school lighting and their comments, either pro or con, 
do contribute to bringing the picture into clearer focus. 
Varying conditions and needs may never allow a simple 
black and white solution to the problem, but discussions 
like this should help to give proper emphasis to each of the 
elements we are working with. We agree with Mr. Griffith 
that this subject should have more time on a program. That 
is one of the major problems of a national conference 
too much ground to cover and too little time to do it. 

Regarding the title of the paper, we were not too happy 
with it either, but at the time could not think of a simpler 
one that would be deseriptive. 

Regarding cost studies, there were many factors that 
were considered and eliminated in the interest of simplicity 
before we reduced it to the three items shown. The items 
included seemed pertinent and factual. The construction 
cost figures were furnished by an estimator active in the 
school construction field, and it is actually true that using 
construction as listed, the saving in using smaller windows 
in Type B would more than compensate for the extra con 
struction cost of interior partitions for the 12-foot ceiling. 
Hence, the lower cost figure for Type B over Type A in 
spite of the higher ceiling. There was only an $84 differen 
tial so for all practical purposes they could be considered 


ecomparab!le. 
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Regarding spectral quality, the authors were not aware 
that this was a factor in any areas except perhaps art 
rooms or where appearance of foods was critical. 

There would seem to be merit in arranging students in a 
schoolroom so those who need it most could have the ad 
vantage of the higher illumination levels near windows, ete 
We assume it is not practical, however, since we know of 
no schools that are doing this. It appears that the varia 
tion experienced in daylight levels in the room are not in 
tentional but result rather from the nature of the source 
and the utilization techniques. If there were techniques 
which would make possible greater uniformity from day 
light, with no penalties, we are sure they would be advo 
cated, 

Regarding the use of propaganda in promoting an idea, 
it is perhaps possible to momentarily influence school 
authorities and architects by its use, but the impact would 
not be for long and could actually retard an idea rather 
than advance it. We believe, too, that the commercial 
aspects of this picture must be minimized. 

Regarding Mr. Griffith’s concern of a_ standardized 
school design, we feel that lighting and visual environments 
are but two of many factors in school planning that an 
architeet must consider and which require his professional 
services. Even if we consider lighting only, we know that 
there will be continual changes in light sources, equipment 
application and techniques, in addition to increased knowl 
edge of the subject that will require his professional inter 
pretation, skill and services. 

In reply to Mr. MecKinley’s comments on cost figures, we 
do not think that cost will be the final determining factor 
in developing school designs. They were presented in this 
paper as stated “to indicate that operating cost need not 
be a deterrant to considering the designs relying exclu 
sively on manufactured light for lighting levels.” It may be 
interesting to note that in our estimates Type D construc 
tion was about 93 per cent of Type A construction. In a 
comprehensive cost study included in a report of the Depart 
ment of Architecture at Pratt Institute, construction com 
parable to Type D was about 83 per cent of that comparing 
with Type A. Had we used these figures the cost differen 
tial would have been far greater. 

Regarding the “bonus” of solar heat gain, this is a very 
complicated subject and involves not only building mate 
rials but orientation of rooms, number of overcast days, 
type of heating or ventlating system, ability to “pipe” 
excessive solar heat from the warm portion of the building 
to the colder areas, control of windows, ete. We did not 
inelude this heat bonus nor did we include the penalty of 
excessive heat gain from solar radiation. Cost estimates of 
removing heat (per Btu) run several times that of adding 
heat some estimates as high as 10 to 1. If these total 
costs are somewhat of the same magnitude for the school 
year, which we have assumed, they would cancel out and we 
would arrive at the figures shown. 

We appreciate Mr. James’ comments on the paper. We 
have wondered, too, why there should be a double standard 
for visual comfort between applied daylight and manufac 
tured light. His reaction to the paper coincides very closely 
with our feeling on the matter. 
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Some Methods for the Improvement of 


The Strength of Miniature Filament Lamps 


feats To 12-volt electrical systems in 
the automotive industry, and the use of 28-volt 
supplies in aircraft and heavy surface vehicles, 
have presented a challenge to the designer of mini- 
ature incandescent filament lamps. 

Increased voltages have resulted in smaller di- 
ameter and longer length filament designs which 
consequently are weaker in their resistance to 
impact and vibration failure. 

In this paper, the intent is not to present a com- 
plete solution to this problem, but rather to de- 
scribe some of the practical methods that have been 
adopted to provide for the improvement in filament 


strength. 


Mechanism of Filament Failure 


Before discussing means to improve the strength 
of the lamp filament. the reasons for filament fail- 
ure will be examined. 

A miniature lamp filament is subjected to a 
series of impacts and shocks not only during its 
life, but especially at the time of installation and 
final testing of the product in which it is used. In 
addition, the lamp must withstand severe tests 
on a selection basis, which are devised by both 
the lamp and product manufacturer as an insur- 
ance for lamp quality. 

For example, the vibration of an automobile 
motor, the impact caused by the slam of a trunk 
lid or 


encountered by varying road conditions, are some 


glove compartment door and the shocks 


of the forces which the filament must endure. Dur- 
ing this time, the filament is either hot and ductile 
or cold and brittle. Fig. 1 illustrates the distortion 
in the coil of a 12-volt glove compartment lamp as 
produced by the impact of the closing door during 
approximately six months of use. 

The test equipment, which is being used to dupli- 
cate the field conditions of the lamp, may be di- 
vided into three types. 
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Figure 1. The lamp on the right is an example of the 

distortion in the coil of a 12-volt automotive glove com- 

partment lamp after approximately six months of use. 
The lamp on the left has never been used. 


1. Shaker tables — which seek out the resonant 
frequency of the lamp filament or its support- 
ing structure. Since the resonant frequency 
will vary from lamp to lamp because of vari- 
ables in lamp manufacture, this test is appli- 
cable in general, for only one lamp at a time. 


One type of shaker table is shown in Fig. 2. 


~ 


2. Mild Impact Test — This provides for testing 
a large number of lamps simultaneously. The 
distribution of the energy in the resulting 
impact is sufficient to cause each filament to 
resonate at its own natural frequency. Fig. 3 
shows a group of lamps mounted on a tester 
of this type. In Fig. 4 the motion of a lamp 
mounted on the impact tester frame and re- 
sulting vibration of the center turns of its 
coil have been plotted with the aid of high 
speed photography.’ Note how the amplitude 
of the vibrating coil turns changes with the 
instantaneous velocity of the impact tester 
frame. 

3. Hot Shock Test 


performed when the filament is burning at 


- This type of test is usually 
rated voltage or overvoltage and causes the 
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filament to deform rapidly as it is stressed 
beyond its elastic limit and continues to 
stretch out until the filament wire fractures. 


Fig. 5 illustrates a drop tester which provides 


for such a hot shock test. The test can be 


varied in severity by simply raising or lower- 


ing the height of the drop of the test plate 


which supports the lamps 


The stresses occurring in a filament when it is 


subjected to the above tests. are complex ; and no 


attempt will be made to analyze these in detail 


here. Torsion, shear, and tensile stresses are cer- 
tainly present. Also, the metallographic structure 
and thus the physical properties of the tungsten 


TESTER FRAME IN MILS 


OISPLACEMENT OF IMPACT 


ONE FRAME = -49 MILLISEC | 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 
FRAMES 


DISPLACEMENT OF COIL. 
TURNS IN MILS 


Figure 4. The upper curve is a plot of the displacement 
of a lamp on the impact tester shown in Fig. 2. The 
two lower curves show the change in amplitude of vibra- 
tion of the two center turns of a filament as it is 
excited by the motion of the impact tester. 
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Figure 2. (Left) This shaker table is used for determining the natural resonant frequency of lamp filaments or 
other elements of the lamp mount. 

Figure 3. (Right) This impact tester excites the lamp filament many times per minute as the lamp-holding frame 

is raised and then lowered onto the steel anvil by the action of the step cam. 


wire change with the burning time. There are, in 
addition, other effects such as the shorting of adja- 
cent filament turns, or the whipping action of a 
filament support, either of which will accelerate 


lamp failure. 


Methods of Attack 

In this paper, three methods of attack are con- 
sidered as a means for prolonging the life of a 
filament under conditions of impact and vibration 


These are: 


Figure 5. This drop tester subjects the lamp filaments 
to “hot shocks” as the lamp support plate is dropped 
onto the anvils. The severity of the test is varied by 


varying the height of the drop. 
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1. The use of a filament support of the proper shape and 
2. The increase in the diameter of the filament wire by 
reducing its design efficic ney. 
The change in the crystal structure of the filament 
re by metallurgical means. 


Each method is discussed in some detail below. 


Filament Support 

Lamps which have filaments with long coiled see- 
tions generally are supported by a molybdenum 
anchor. The size and shape of the support will 
determine whether it will help provide strength to 
the filament or hasten its destruction. When prop- 
erly designed, the resonant frequency of the anchor 
should be close to the natural resonance of the 
filament. This provides the filament with a “cush- 
ioned” support which will not tend to distort the 
moving filament. Since it is difficult to expect the 
anchor and filament to move in unison when vibrat- 
ing, the loop of the anchor which drapes the fila 
enough 


ment should be designed so as to allow 


room for the free movement of the coil barrel, 
Fig. 6 shows the relation between the length of 
0.005 inch and 0.0035 inch molybdenum support 
wire and its natural resonant frequency as deter 
mined empirically with a shaker table. 

The filament anchor can also be used as a re- 
straining support in instances where the filament 
is subjected to large forces perpendicular to the 
filament barrel. This was demonstrated in the de- 
sign of a lamp to be used on the tip of a helicopter 


rotor. Forces at the rotor rip range between 750- 


Figure 7. 


NATURAL RESONANT FREQUENCY — C.P.S. 


10 
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Figure 6. The relation between the length and the 
natural resonant frequency of straight molybdenum 
wire used for filament anchors. 


1000 times gravity dependent upon the type of 
helicopter and the flying conditions. Forces of this 
magnitude were found to be more than the filament 
of a standard 12-volt lamp could withstand. By 
using two 6-volt filaments in series and supporting 
each filament barrel at its midpoint with a sturdy 


anchor, the filament was prevented from bowing 


the properly supported filaments of the helicopter rotor tip lamp shown on the right resisted the 


force developed by 1000 g's for 150 hours; while the 3-sectional filament in the lamp on the left failed after 20 
hours under the same test conditions. 
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and failing rapidly when subjected to flight con- 
ditions. The lamp on the left in Fig. 7 failed to 
withstand the rotor tip forces because of the long 
improperly supported coil barrel sections while the 
lamp on the right with each filament properly sup- 
ported, had no difficult in resisting these high cen- 


trifugal forces. 


Filament Wire Diameter 


An improvement in filament strength has been 
obtained by increasing the filament wire diameter. 
This change can be made by shifting the design 
voltage slightly e.g. from 13.0-volt to 12.5-volt or 
by increasing the life of the lamp. In either case, 
there will be a decrease in the design efficiency of 
the lamp. 

An increase in the wire diameter with a subse- 
quent reduction in efficiency aids filament strength 

1) by inereasing the cross sectional area of the 
wire and (2) by lowering the operating tempera- 
ture of the filament. The force required to fracture 
a filament is obviously greater if the cross sectional 
area is increased, and also, the modulus of torsion 
for tungsten wire decreases rather rapidly with an 
increase in temperature in the operating region 
for incandescent lamps.* 

There are several limiting factors involved in 
changing the filament wire diameter. These are the 
size of the bulb, the candlepower maintenance and 
the life of the lamp. As the wire size is increased, 
the wattage will increase, and this will cause the 
bulb temperature to rise. In a gas filled lamp, this 
may cause blistering or bulging. Early blackening 
of the bulb walls due to the excess heat, will reduce 
the light output and shorten the effective life of 
the lamp. In addition, the increase in wire size 
may cause difficulty in coiling the filament and 
assembling the bulb to the mount because of space 
limitations in the bulb neck. 

Another point to consider is that an increase in 
wire size will cause the mass of the filament to 
increase with a resultant decrease in the natural 
resonant frequency of the coil. This can be impor- 
tant, if certain critical frequencies are to be 


avoided. 


Metallurgical Approach 

The strength of a tungsten filament is intimately 
related to its metallographic structure. When first 
mounted in a lamp, the filament structure is, in 
general, fibrous and ductile, and possesses mechani- 
cal properties which should permit it to withstand 
rather severe treatment. The fibrous structure of a 
drawn tungsten filament is shown in Fig. 8. When 


lighted to ineandescence, however, the long fibres 
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of the drawn wire break up into crystals at a rate 
which is dependent upon the temperature of the 
filament. In a pure tungsten filament, these erys- 
tals grow as the lamp continues to burn until they 
occupy the full cross section of the wire. These 
grains are somewhat longer than the wire diameter 
and are divided by boundaries which in general 
run transverse to the axis of the wire. 

When operated at normal temperatures, fila- 
ments with this type of structure tend to sag along 
these grain boundaries resulting in an open pitch 
and a deformed coil. Of course, under forces in 
excess of gravity such as encountered when the 
lamp is subjected to impact or shock this action is 
accelerated, and the filament fails prematurely. 

Increased stability in the filament structure 
above the recrystallization temperature has been 
obtained by “doping” or the use of additives. The 
additives, depending on the type used, perform 
either of two functions when the recrystallization 
temperature is reached; (1) it restrains the growth 
of the tungsten grains or, (2) it causes enlarged 
or exaggerated grain growth. Smithells® has shown 
that approximately one per cent thoria causes the 
grain size of the doped wire after 1000 hours burn- 
ing to be comparable in size to the grain size in a 
pure tungsten filament after one minute burning. 
The grain structure in a recrystallized thoria-doped 
filament is illustrated in Fig. 9. 

Since the structure of the recrystallized thoria- 
doped wire consists of many small grain, the path 
through a cross section of the wire is no longer 
direct as in “undoped” wire, but irregular and con- 
siderably lengthened. By breaking up the grain 
boundaries in this fashion, slipping or the move- 
ment of the crystals along the grain boundaries as 
occurs in pure tungsten wire, is greatly resisted 
and the result is a wire which is more stable at 
elevated temperature, and which can more readily 
withstand shock and vibration. 

Before attempting to use thoria-doped wire to 
improve the strength of the filament, there are 
several factors to consider. The operating tem- 
peratures of many miniature lamps are such that 
the thoria additive is slowly reduced to pure 
thorium by the tungsten. When this occurs, the 
grain growth is no longer restrained, and the fila- 
ment sags excessively as in the case of a pure 
tungsten wire. Also, any phosphorous or sodium 
vapor which may be present in the lamp will re- 
duce the thoria, and thereby create the same effect. 

The second effect on the recrystallized filament 
structure, ¢.¢., exaggerated grain growth. is caused 
by adding various alkalis such as NasO and K.0O. 
These may be added to the raw tungsten powder in 
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Figure 8 Coiled filament of tungsten showing the ductile fibrous structure before recrystallization occurs. (X700) 


Figure 9. The recrystallized structure of a coiled tungsten filament containing less than 1% thoria. Note the small 


grain sizes and the irregular grain boundaries caused by the retarding effect of the thoria additive. (X700) 
Figure 10. The recrystallized structure of a coiled filament containing a small amount of silica. The filament was 
“burned” for the same period of time as the filament in Fig. 9. Note the continuous crystal growth and the “long” 
longitudinal erystal boundary in the lower left of the photomicrograph. (X700) 


combination with silica or thoria. Although many 
of these additives leave the tungsten during proc- 
essing, the result is to produce, in the recrystallized 
structure of the lamp filament, grains which are 
many times longer than the wire diameter and in 
some instances approach the entire length of the 
coiled filament. The long grain boundaries in this 
structure tend to run longitudinally as compared 
with the transverse paths in a pure tungsten wire. 
This is illustrated in Fig. 10 which is a photomicro- 
graph of several turns of a recrystallized silica- 
doped tungsten filament. Note the absence of small 
grains and the length and direction of the grain 
boundary. The direction of the grain boundaries 
and the size of the grain provide this wire with 
good non-sag properties, and increased ductility at 
room temperature after recrystallization. Lamps 
made with this type of wire resist filament failure 
due to impact and vibration fairly well. 

The number, the combination, and the types of 
additives that can be mixed with tungsten powder 
of varying impurity are practically infinite. These 
additives plus variation in processing techniques 
may lead to the production of filaments with 
strength properties much better than anything 
presently in use. 


Conclusion 

The methods discussed above are just a few of 
the possibilities which have been explored for im- 
proving the strength of miniature lamp filaments. 
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There are many others; for example, the configura- 
tion and mounting of the coiled filament are very 
important. Since motion of the filament cannot be 
completely eliminated when the lamp is vibrated 
or shocked, the next best thing is to control its 
deflection by providing means for rapid damping 
or by designing so that the natural resonance of 
the coil is well out of range of any critical frequen 
cies that the lamp may encounter. A good guide 
for this is the well-known equation for the resonant 
frequency of a perfect string.‘ 


L =the unsupported length 
T = the tension 
m =the mass per unit length. 


where 


Of course, in designing for mechanical strength 
the life, the efficiency, the power input, the space 
limitations, and other features of the lamp cannot 
be ignored. In many instances, depending on the 
application, some compromise must be made to 
provide for the necessary requirements of a par- 
ticular light source. 

The tungsten filament in use today, is far from 
lacking in strength. Considering the thermal 
shocks encountered and the operating tempera- 
tures of this device, it has quite a remarkable re- 
sistance to failure. For this, much credit goes to 
the metailurgist and chemist in their work with the 
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structure of the tungsten wire; and it is they who 
will undoubtedly help provide the greater strength 
required of lamp filaments as new applications of 
increasing severity are demanded. 

We wish to acknowledge the assistance given in 
the preparation of this paper by Mr. Herman 
Ehringer, especially for Figs. 8, 9 and 10 and by 
many other engineers of the Westinghouse Lamp 
Division. 
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DISCUSSION 


L. E. BArsrow:* It is essentially axiomatic that any im 
provement in an article is desirable. Accordingly, this 
description of several means for attaining increased strength 
of miniature-lamp filaments will be welcomed by the lamp- 
using public and also by the automotive industry. The 
question that arises, however, is whether the end in view 
could be more economically, readily, or satisfactorily at 
tained by another approach. 

It would appear that much of the difficulty encountered 
with filament breakage arises from too rigid mounting of 
lamps. In the case of 240-volt lamps with their long, thin 
filaments, a great deal has been accomplished in the way of 
having the lamps meet rugged operating conditions by 
developing resilient sockets or fixture mounts which cushion 
the lamps and their filaments from shock. This has simi 
larly been done with good effect with 120-volt lamps and 
should be even more effective with 12-volt lamps. 

We are all pleased that lamp manufacturers are making 
strides in their efforts to make filaments more rugged but 
I hope that this will not result in having the automotive 
engineer feel released from his obligation to protect auto 
motive lamps from excessive shock. Is the author familiar 
with what the automotive industry is doing along this line? 

Shifting the design voltage from 13.0 to 12.5 volts is 
given as a means for increasing filament diameter and thus 
of obtaining increased filament strength. Since the lamps 
in service will operate at a voltage over which the lamp 
designer has no control, it would appear that lowering lamp 
design volts will result in lamp operation in many cases at 
higher than design volts with resultant higher filament 
temperature and lower filament strength. I would appre 
ciate clarification of this point. 


H. A. ANpeRson:** The author of this paper has presented 
some interesting methods for improving the strength and 
durability of low voltage miniature filament lamps. 

In considering the best type of filament construction for 
vibration and shock conditions, it is sometimes advisable to 
wind the filament on a smaller mandrel in order to obtain 
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a longer coil. This would make it practical to use an addi- 
tional filament support wire. In general, this is the prin 
ciple used in designing rough service and vibration lamps 
for regular voltage service. In other words, longer fila 
ments are used for the same wattage so that additional 
support wires can be used. 

The author also commented that a larger diameter tung 
sten wire could be used to strengthen the filament. How 
ever, this would result in a higher wattage and in some 
eases consequent bulb blistering and other troubles. This 
situation can be avoided by increasing the length of the 
tungsten wire in addition to the diameter so that the 
resistance would be the same. The current and wattage 
would now remain constant as well as the total heat in the 
bulb. However, the advantage of lower filament operating 
temperature would be obtained as well as the extra strength 
with a heavier wire. Also the filament would be longer thus 
possibly permitting an additional filament support wire, 
thus making for a generally stronger lamp construction. 

Incidentally, there are many factors in the winding of 
tungsten filaments that can affect their performance, espe 
cially under conditions of severe vibration and shock. We 
naturally assume that the coil winding equipment and facili 
ties are such that uniform high quality filaments are pro 
duced. However, there are many techniques in the winding 
of fine tungsten wire that are necessary to maintain the 
good ductility and strength the metallurgists have built 
into the wire itself. Examples of these would be correlation 
of bobbin speeds to the wire size as well as tension con 
trols on both the tungsten wire and mandrel wires. Also, 
subsequent hydrogen annealing operations must be carefully 
controlled since the slightest stretching of the coiling on 
the mandrel in these steps can be a cause of subsequent 
brittleness and non-uniformity. 

These factors are mentioned for consideration since no 
detail of lamp manufacture can be overstressed in the type 


lamps under discussion. 


E. H. Rappin:* The author was confronted with the prob 
lem of maintaining the filament strength when the lamp 
voltage was increased from 6 to 12 volts. 

The lamp engineer always has the problem of designing 
the filament and filament mounting of incandescent filament 
lamps, to produce the maximum filament strength. The 
author has shown, in this paper, his success with his par 
ticular problem. 

It would seem that the very small difference in the size of 
the tungsten filament necessary to change the voltage from 
13.0 volts to 12.5, would make very little difference in the 
lamp wattage and the bulb temperature and was not the 
important factor in this particular problem. 

Curves in Fig. 6 showing the relation between the length 
and the natural resonant frequency of 3.5 and 5.0 mil 
molybdenum wire should be very helpful to the lamp de 
signer. Also, it would be helpful if it included more wire 
sizes, covered tungsten supports and lead wires. 

I would like to inquire if the author has made such tests 


and with what results. 


Jack Martin:** We wish to thank the discussors for their 
comments. They have aided greatly in clarifying this paper. 

Mr. Barbrow suggests that the automotive engineer should 
assume part of the responsibility of protecting lamps from 
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excessive shock. On this we heartily agree. 
are certain that the automotive engineer is aware of thi 
amp strength problem. His solution must be consistent with 
low cost, available space, and the requirements of th 
sty ists 

An example of the changes that are being made by the 
automotive designer to improve lamp strength is the case 
f the glove compartment lamp whose socket was an inte 
ral part of the on-off switch. This arrangement was not 
the best and ised early lamp faiiure due to the shock o 
osing the compartment door. The problem was soived 
simply by separating the lamp socket from the switch. An 
other instance is a change in a tail-light assembly which 
is I sed to gain access to the gasoline tank filler pipe 
Here, relocating the lamp socket with respect to the tail 


light eover reduced the shock to the lamp and improved 


lamp fe On ordinance type vehicles where styling and 
spac mitations are less restrictive a great deal has been 
done with shock mountings. 


In reference to Mr 


shift in design volts from 13.0 to 12.5, it should be noted 


Barbrow’s question regarding the 


that this change was also accompanied by an increase in 


life and a change in voltage for design life, i.e. the voltag 
for design life was raised to 14.0. This enables the lamp to 
have the proper light output at the average socket voltage 
and also prevents reduced lamp life as the voltage at th 
socket increases above this average valuc These changes 
resuited in I nerease in wire diameter without an increas« 
n filament temperature 


Mr. Anderson has offered several good points for filament 


strength improvement. The suggestion to make the filament 
longer and adding supports has its limitation. For exampl 
to n ture lamp designer a l2v coil means high voltage 
and a coil design approximately twi the length of its 6v 
counterpart. This coil and its supports must pass throug! 
the same bulb neck opening with the same ease and speed 
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However, we 


as did the low voltage filament. Any increase in strength 
that might be obtained by an increase in length and th 
namber of supports would be offset by the resulting manu 
facturing problems. Also, a ngthy coil with additional 
supports creates the probiem of maintaining a sufficient 
amount of clearance between the hot filament and inner 
bulb wall. 

It is agreed that great care must be exercised and all 
factors considered during coil winding and the subsequent 
treatment of the coiled filament wire. Here again, we would 
like to point out that in miniature lamp manufacturing, in 


many instanees, the coils are wound and immediately 


mounted on the lamp stem. This makes treatment of the 
filament after coil winding impractical. 

We gree with Mr. Raddin that a change in filament 
design volts from 13.0 to 12.5 will be insignificant so far as 
in increase in filament wire size is concerned. However, 
this change coupled with a reduction in efficiency by 
changing lamp life will allow for a significant increase in 
wire diameter. Admittedly, the paper states this effect is 
obtained by changing either design volts or life. In the 
situation referred to, the change in design volts and th 
increase in design life (30 per cent) permitted an increase 


in wire diameter of 23 per cent with a resultant improv: 
ment in strength on the tester shown in Fig. 3 of approxi 
mately 20 per cent (based on the area under the lamp mor 


tality curves and 75 per cent based on the number o 


lining operative at the completion of the test 
rhe increase in wattage, however, caused a drop in light 
maintenance of 15 per cent which offset the gain in 


strength. This was pointed out as being one of the pitfalls 


i gaining strength by increasing filament wire si 
With regard to Mr. Raddin’s question on the curves in 
} are the only tests which have been completed 


We are considering further work on different sizes and n 


Warsaw Today 


A night view of Warsaw. Po!and, 
from Castle Square looking toward 
Krakowskie Przedmiescie Street. In 
the foreground is the King Zygmunt 
Column, an ancient Warsaw landmark. 
Note ornamental lantern type street 


lighting units (unit at lower right, be- 


side bus, not turned on) at relatively 
low mounting height. Photo from: 


The Polish 


Embassy, Washington, 
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INSTALLATION AT STAKS RESTAURANT, 5223 WEST CENTURY BLVD., LOS ANGELES, CALIF. 
Exterior Lighting of a Restaurant 4 


LIGHTING OBJECTIVE: To attract attention to the location of the restaurant and to create interest me TN 


by dramatizing the beauty of the building exterior and Jandscaping. 


GENERAL INFORMATION: ‘This restaurant specializes in charcoal-broiled meats and_ special 

hamburgers, and is located on a dark street next to a well-lighted service station. The exterior 

is redwood (15° RF) and fieldstone (45% RF). The architectural canopy on the front of the 

restaurant projects outward 4 feet; along the side of the building which is adjacent to the 
parking lot driveway, the canopy projects outward 3 feet. : 

The pole on which the sign is mounted is an 8-inch I-beam painted white. The sign, mount- 

ing height 20 feet, is made up of acrylic plastic disks with metal letters projecting 24 inches 

beyond the face of the plastic. The dimensions of the letters are: height 30 inches, width 20 


inches, and stroke 4 to 7 inches. 


Both disks and letters are in color as follows: 


> 

Plexiglas Letter = 

S dark green white > 
T orange dark blue : 

A white black o 

K blue yellow A 

ll rreel 

vellow en 

(over) 


fi 
Exterior Lighting of a Restaurant (Continued) 
| 
p | “4 
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A 
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“ | 
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a = ~=CANOPY GOPLANTING F gure <. | ev 
~ ; exterior rectaijrant 
POOL C Cc Cc C Cc C C — 
\ ~ | 
AA ™ PA PA AA PA A 
WALK AA 
PUBLIC WALK SIG 


A AMBER PAR 38 
» PINK PAR 38 
R-40 


INSTALLATION: ‘The blank wall and shrubbery are floodlighted in color by twenty-three cast metal 
holders (Metaleast Products, Inc., “Moldeast’” M-150 Green), using amber and pink 150-watt 
PAR-38 lamps with integral color filter (Luxor Lighting Products, Inc). The distribution and 
color of the units are shown in Fig. 2. Brightnesses are as follows: 


redwood 6 ft-L min. 15 ft-L max. 10 ft-L avg. 
fieldstone 8 ft-L min. 18 ft-L max. 12 ft-L avg 


The canopy contains eighteen downlights (Marvin Mfg. Co., “Marco” J 320) using 150-watt 
R-40 lamps on 6-foot centers. The average illumination under the front canopy at the entrance 
is 24 footcandles. 

The illuminated pole employs 4500K white 15 mm single cold cathode tubing (Sylvania 
operated on a 60 milliampere transformer. The tubing is recessed in the cavity in both sides of 
the I-beam, and the channels are covered with hardware cloth for protection. 

The sign is illuminated from behind the plastic with 4500K white 15 mm cold cathode tubing 
on 4-inch centers. The brightness is 5 footlamberts minimum and 27 footlamberts maximum at 
a 30-degree angle of observation. Visibility distance is 0.4 mile 


Lighting designed by Harold |. Strahn, Illuminating Consultant, Department of Water 
and Power, City of Los Angeles, Calif.; restaurant was designed by the princi- 
pal partner, S. M. Schwartz; installation made by the Field Industrial Electric 
Co., 2106 West Slauson, Los Angeles, Calif.; sign was fabricated (from 
owner's idea) by the Heath Co., 812 North Broadway, Los Angeles, Calif. 


Lighting data submitted by Don Romanoff, The Ruby Lighting Corp., 1212 South 
Olive St., Los Angeles, Calif., as an illustration of good lighting practice and 
to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series 7-56 


= 


Effect of Operating Variables on 


Mercury Lamp Performance 


PERFORMANCE of mercury lamps is 
affected not only by the lamp design, but also by 
the design of the ballasts that operate them. There 
are several types of mercury lamp ballasts on the 
market today, and each type operates lamps in a 
different manner. Considerable data have been 
published on lamp operation with the common lag 
ballast, showing how it changes with variations of 
primary voltage and to what degree the initial 
lumen output is lower in horizontal burning.’ 
However, there has been no similar information 
published as to how these newer types of ballasts 
affect lamps under like conditions. Some of the 
newer designs have excellent operating character- 
istics in some respects, while in other ways they 
ean be harmful to the lamps. For example, some 
ballasts have highly peaked current wave shapes. 
The problem of current wave shape has been thor- 
oughly studied in the fluorescent lamp field, but 
there are no published figures as to the effect of 
wave shape on performance of high pressure mer- 
eury lamps. Another problem relating to ballast 
design has been in obtaining rated lumen output 
for horizontal burning. It is well known that the 
initial lamens are lower if the lamp is measured in 
a horizontal burning position on lag ballasts, in 
some cases six to seven per cent, but there are other 
ballasts that cause even lower output horizontally. 
How much lower depends on the ballast type. When 
the lamp wattage is increased in order to obtain the 
same lumens as in vertical burning, then excessive 
lamp current is necessary in some cases. If this 
high current is combined with poor wave shape, 
then early blackening of the are tube will result. 
For the sake of simplicity, only one size of mer- 
cury lamp is considered in this paper —the 400- 
watt series having quartz are tubes. These lamps 
are of increasing importance in the general light- 
ing field, and their operation is fairly typical of 
other quartz lamps of different wattages used for 
lighting. While these lamps are available in either 
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hard or soft glass outer jackets, or may be had 
with or without color improvement, or in reflector 


bulbs, all of these variations have the same are 
tube design. For this reason, the data in this paper 
apply to all of the 400-wat quartz mercury lamps. 


There Are Four Main Types of 
Mercury Lamp Ballasts 

The circuits? for operating mercury lamps can 
be divided into four classifications : lag, lead, series, 
and constant wattage. These circuits all have the 
following primary functions: First, they must 
supply enough open circuit voltage to strike the 
are initially. This voltage will depend considerably 
upon the ambient temperature of the lamp, increas- 
ing as the temperature decreases. Second, they 
must provide enough voltage to restrike the are 
during each half cycle of operation and to maintain 
the are for a large proportion of the half cycle. In 
order .to meet this requirement, the open circuit 
voltage should be approximately 1.6 times the are 
voltage for indoor applications. This value also 
includes a safety factor for stability so that Jamps 
will not extinguish on a momentary line drop of 
about 15 per cent. Third, they must limit the are 
current to the value set by the design of the lamp. 
For the 400-watt lamps, for indoor operation, the 
open circuit voltage is in the order of 220 to 230 
volts; the are has a nominal voltage of 135 volts 
and the operating current is 3.2 amperes. 

Each of the four types of ballasts is made up of 
a different arrangement of components and has its 
own distinctive operating characteristics. Sche- 
matic diagrams for the four types are given in 
Fig. 1. These are not the only possible circuits 
for these lamps. Each of these types has its own 
numerous variations, or there may be an entirely 
cifferent arrangement of components that accom- 
plish the same thing. The circuits drawn corre- 
spond to the types for which results are given in 
this paper. 
A. Lag Ballast 


The inductive type ballast in its simplest form is 
a reactor or choke in series with the lamp. This 
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LAG CIRCUIT LEAD CIRCUIT Figure 1. Schematic diagrams 
for typical circuits of lag, 
lead, series, and constant 

VING vr wr lamps. 

TRANSFORMER 
3 
SERIES ILH CIRCUIT CONSTANT WATTAGE CIRCUIT 


form of control, which is commonly referred to as 
a lag ballast, can be used where the supply voltages 
are high enough for positive starting and stable 
operation. In other cases where the supply voltages 
are lower than the required open circuit voltage, a 
high autotrans- 


former may conveniently be used to limit the ecur- 


step-up reactive transformer or 


rent. This latter type is represented in Fig. 1. 


B. Lead Ballast 

The lead circuit which is commonly encountered 
as part of a two-lamp ballasting circuit consists of 
an inductor and a capacitor in series with the lamp. 
An autotransformer can be used to obtain a suit- 
able open circuit voltage. Since the capacitive 
reactance is higher than the inductive reaetance, 
this ballast produces a leading load on the line. 
As will be seen later, the lead circuit has better 
lamp current regulation with respect to line volt- 
age and lamp voltage variations than does the lag 


circuit. 


C. Series Ballast 

The series ballast, known for mercury lamps as 
the ILH transformer, is used for street lighting. 
In this cireuit a large number of isolating trans- 
formers are operated in series from a constant cur- 
rent transformer. These transformers insulate the 
lamps from the high voltage on the supply line, 
and they also furnish the required open circuit 
voltage for the lamps. Since the current to the 
transformer primary is limited, the lamp current is 
limited also. These transformers have an air gap 
in the magnetic field which permits series primary 
current to flow in case of lamp outage. 

There is a newer type of series circuit® rather 
recently on the market called a straight series cir- 
euit. In this type of operation the lamps are 
burned in a series string without the use of indi- 
vidual ballasts. The current is limited by either a 


moving coil constant current transformer or by a 


514 Mercury Lamp Performance 


Noel-Martt 


static type. These transformers also supply enough 
open circuit voltage to operate the entire string of 
lamps. 

Data in this report taken on series circuits are 
from ILH transformers only, since this is the most 
common series circuit in operation today. Our 
measurements show, however, that there is a dif- 
ference of only one per cent, or less, between read- 
ings on the two types, and so the same data apply 


to both. 


D. Constant Wattage Ballast 

This ballast is increasing in popularity in the 
mercury lamp field. It can have several variations 
in design, but basically it uses a capacitor and a 
reactive transformer with a portion of the core 
saturated to maintain a nearly constant lamp cur- 
rent for wide changes in primary voltage. Since 
lamp wattage will be constant if the current does 
not change, this ballast will hold the watts con- 
stant as the primary voltage changes, hence its 
name. As will be seen, however, the wattage differs 
from lamp to lamp depending upon the lamp volt- 
age. In this respect it is not constant wattage. and 
this variation can have a considerable effect on 
lumen output. It has been previously shown that 
changes in the wattage loading of an are tube 
affect lumen maintenance.’ It is a very simple 
ballast to install and operate, however, since there 


are no voltage taps to select. 


Variations in Line Voits Affect Lamps 
Differently Depending Upon Ballast Type 


A user of mercury lamps is often aware that the 
line voltage to mereury lamp ballasts may vary 
considerably during the burning period. He is 
probably not so well informed, however, as to how 
this variation affects lamp operation, nor is he 
likely to be aware that the effect is different with 
the different kinds of ballasting circuits. For each 
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type of ballast we have varied the supply voltage 
and recorded the manner in which the lamp opera- 
tion is affected. A total of six center-voltage 
11400-E1 lamps were used in these tests. These 
results are plotted in Fig. 2 for both vertical and 
horizontal lamp operation. These data are given 
on a percentage basis only, and the absolute values 
will be compared later in this paper. The discus- 
sion below is arranged according to ballast type. 


On Lag Ballasts, Changes in Line Voltage 
Affect Lamp Performance Greatly 


The graphs showing how line voltage affects 
lamps lamps on lag ballasts are given in Fig. 2 for 
both vertical and horizontal lamp operation. As 
can be seen from these curves, lamp operation is 
considerably affected by changes in primary volt- 
age on these ballasts. A 10 per cent change in pri- 
mary voltage, for example, can change lamp am- 
peres about 20 per cent, watts 22 per cent and 
lumens 26 per cent for vertical operation. For 
horizontal operation these values are only slightly 
different for the same 10 per cent change in pri- 
mary voltage. The corresponding change in lamp 
voltage in each case is small, about one and one- 
half per cent. The above figures clearly illustrate 
how widely the lumen and electrical values of 
lamps can vary with varying supply voltage on 
lag ballasts. Because of this, lamps become over- 


n hot fixtures in 


heated when they are burning 
conjunction with high supply voltage. Shorter 
lamp life and poorer lumen maintenance than 
normal commonly oceur in such cases. It is impor- 
tant, when using lag ballasts, to be certain that 
the proper voltage tap is being used and that the 
supply voltage is not consistently much higher than 
normal. In cases where supply voltage is consider- 
ably lower than normal, no harm will result to the 
lamps, but lumen output will be less than desired. 


On Lead Ballasts, Changes in Line Voltage 
Affect Lamp Performance Moderately 

The graphs showing how line voltage affects 
lamps on lead ballasts are also given in Fig. 2 and 
labeled “Lead Ballast” for both vertical and hori- 
zontal operation. For this ballast, the same types 
of change occur with changing line voltage as 
with the lag, but in lesser amount. In this respect, 
the lead ballast has in some degree the properties 
of the constant wattage ballast. For vertical lamp 
operation a 10 per cent change in primary voltage 
causes about a 10 per cent change in lamp amperes, 
11 per cent in lamp watts and 16 per cent in 
lumens. The corresponding figures for horizontal 
burning are 9 per cent, 10 per cent and 13 per cent. 
These figures are not nearly as high as were noted 
for the lag ballast, and for this reason there is not 
as much danger of overheating the lamps in cases 


VERTICAL LAMP OPERATION 


VOLTS LUMENS 
z 
so! LAMP AMPERES | | 
Lame VOLTS 
a 80. — 80} 
| LEAD series | CONSTANT WATTAGE 
vedo warts BALLAST BALLAST BALLAST BALLAST 
80 90 90. 100 0 120 80 90 100 #4110 (20 80 90 100 10 120 
PRIMARY VOLTS PERCENT OF TAP OR- CENTER VOLTAGE 
(20 20 iuwens | 120 arenes (20 LUMENS 
Awa Lamp VOU awe vourTs 
WwW 


80 90 100 0 
PRIMARY VOLTS, PERCENT OF 


80 90 100 


80 90 
TAP CENTER VOLTAGE 


Figure 2. Change in 400-watt quartz mereury lamp performance with change in primary voltage for vertical and 
horizontal lamp operation on lag, lead, series, and constant wattage ballasts. 
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of high primary voltage, nor do the lumens drop as 


much where the primary voltage is low. 


On Series Ballasts, Changes in Line Voltage 
Have Little Effect on Lamp Performance 

The graphs showing how line voltage affects 
lamps on the series circuit are given in Fig. 2, 
“Series Ballast,” for both vertical and horizontal 
lamp operation. As can be seen from the curves, 
line voltage has no appreciable effect on this cir- 
euit. The reason for this, of course, is that the 
moving coil constant current transformer which 
supplies power to the ballast primaries is un- 
affected by changes in primary voltage within the 
region measured. The circuit is affected by differ- 


ent lamp voltages, as will be discussed later. 


On Constant Wattage Ballasts, Changes in 
Line Voltage Have Little Effect on 
Lamp Performance 


The curves showing how line voltage affects 
lamps on constant wattage ballasts are given in 
Fig. 2 “Constant Wattage Ballasts” for both verti- 
cal and horizontal lamp operation. These curves 
illustrate why constant wattage ballasts are used 
for mereury lamps where supply voltage may 
change considerably during the operating period. 
For a ten per cent change in primary voltage, the 
watts and lumens change only about one-half per 
cent, regardless of burning position. In this re- 
spect these ballasts give excellent performance. 
Ilowever, as with series ballasts, they do not have 
nearly such good regulation with respect to varia- 
tions in lamp voltage. Also, some designs may have 
u peaked current wave shape that causes faster 
lumen depreciation than is normal. These condi- 
tions will be discussed later in this paper. 


Variations in Lamp Voltage Affect Operation 
On Some Ballast Types 


There are manufacturing tolerances in the volt- 
age of mereury lamps as in any other product. 
However, users of mereury lamps generally do not 
measure lamp voltages and are usually unaware of 
the effect that hese variations have on lamp lumens 
and operation on different types of ballasts. Lamps 
in the 400-watt series having quartz are tubes have 
a voltage range of 120 volts to 150 volts due to 
These volt- 
ages are measured with the are tubes in a vertical 


necessary manufacturing tolerances. 
position using a lag ballast. 

The amount of mercury to be used for each lamp 
is found from curves relating the are tube volume 
and are gap to mereury quantity. By this method 
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the voltages of a majority of the lamps can be 
controlled within plus or minus a few volts. How- 
ever, there are several indeterminant variations 
that also affect the voltage. For instance, slight 
differences in the exact size and shape of the are 
chamber ends may have an effect of several volts 
even though other measurements are the same. 
Also, the voltage of a mercury lamp is never exact- 
ly the same from start to start, and it may even 
change several volts during lamp life. For these 
reasons, it is necessary to have a voltage tolerance 
range of plus or minus 15 volts on a center of 135 
volts. 

On lag ballasts it makes very little difference 
how lamp voltage varies, since on this ballast, lamp 
watts and lumens are nearly independent of lamp 
voltage. On the newer types of ballasts, and on 
the lead ballast, however, this is not the case, and 
lamps on the high side of the normal lamp voltage 
range are subjected to more than nominal wattage. 
In Fig. 3 we have shown how lamp characteristics 
vary with changes in lamp voltage for vertical and 
horizontal lamp operation on the different types 
of ballasts. A total of 12 H400-E1 lamps were used 
in these tests. These graphs are discussed in detail 
below. The line voltage was held constant for all 
ballasts for this data. As can be seen from Fig. 3, 
the curves for horizontal operation do not cross 
the 100 per cent line at the center lamp voltage of 
135 volts. The reason for this is that when lamps 
are changed from a vertical to a horizontal posi- 
tion the lamp voltage usually decreases. We have 
found that the voltage decreases an average of 
three volts to seven volts, depending upon the 


ballast type. 


On Lag Ballasts, Lamp Voltage Affects 
Lamp Performance Very Little 


It van be seen from Fig. 3, “Lag Ballast,” for 
both vertical and horizontal lamp operation that 
the lamp watts and lumens are practically un- 
changed throughout the entire voltage range of 
the lamps. This is not true of lamp current, how- 
ever. For vertical operation, the lamp current 
changes about 8 per cent for a 10-volt change in 
lamp voltage, while the lumens and watts are near- 
ly unaffected. For horizontal burning the amperes 
change about the same as for vertical operation, 
the watts again are nearly unaffected while the 
lumens change about one per cent for a 10-volt 
change in lamp voltage. With respect to watts and 
lumens, the lag ballast is nearly unaffected by 
changes in lamp voltage, and this operation is 
comparable to the constant wattage ballasts in its 


response to changes in primary voltage 
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Figure 3. Change in 400-watt quartz mercury lamp performance for different lamp voltages for vertical and hori- 
zontal lamp operation on lag, lead, series, and constant wattage ballasts. 


On Lead Ballasts, Lamp Voltage Affects 
Lamp Performance Considerably 


The variations of lamp lumens, watts and am- 
peres caused by variations in lamp voltage for lead 
ballasts are shown in Fig. 3, “Lead Ballast.” They 
indicate that lamp lumens, watts and amperes are 
considerably affected by changes in lamp volts. 
For vertical operation, the lamp current decreases 
only 1 per cent for a 10-volt increase in lamp volt- 
age. The watts, on the other hand, increase roughly 
five per cent while the lumens increase up to 10 per 
sent. For horizontal operation the results are 
about the same. Except for changes in lamp cur- 
rent, these values are considerably greater than 
that of the lag ballast under the same conditions. 


On Series Ballasts, Lamp Voltage Affects 
Lamp Performance Moderately 


Curves showing how lamps operate on series 
ballasts for different lamp voltages are shown in 
Fig. 3, “Series Ballast” for both vertical and hori- 
zontal operation. In both types of operation, the 
current decreases two per cent or less for a 10-volt 
increase in lamp voltage. Over the same change in 
lamp voltage the watts increase about five per cent, 
the lumens about eight per cent for vertical burn- 
ing. For horizontal burning, the watts increase 


about six per cent, the lumens about 10 per cent 
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over the same range. These changes are similar to 
those of the lead circuit. 


On Constant Wattage Ballasts, Lamp Voltage 
Affects Lamp Performance Moderately 


The effect of lamp voltage on lamp operation on 
constant Fig. 3, 
“Constant Wattage Ballasts” for vertical and hori- 


wattage ballasts is shown in 


zontal operation. From these curves it is evident 
that these ballasts are not constant wattage at all 
‘con- 


‘ 


with respect to lamp voltage, hence the term 


stant wattage” is not actually correct. For vertical 


operation, the lamp wattage changes about eight 
per cent for a 10-volt change in lamp voltage, while 
the lumens change about 10 per cent under the 
same conditions. The lamp current changes only 
slightly, about two per cent. The corresponding 
changes for horizontal operation are nearly the 
same in value. Lamp voltage for horizontal opera- 
tion, however, has dropped about seven volts, the 


largest change for any ballast. 


Horizontal Burning May Greatly 
Reduce Lumen Output 


The curves in Figs. 2 and 3 that were discussed 
in detail above were all based on percentage fig- 
ures, the output of each type of ballast being called 
100 per cent. However, the absolute value of lamp 
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TABLE | — Comparison of lumen output and electrical values for the H400-El mercury lamp for both vertical 
and horizontal burning on various ballasts. Line voltage held constant. 


VERTICAL BURNING 


Lamp Lamp Lamp Lumens Lamp Power % % % % 
Ballast Lumens Watts Volts Amps Per Watt Factor Lumens Watts Volts Amp 
Lag 2 0 400 l 2 12.6 100 100 100 100 
I i 20.100 40 136.5 $28 50.2 90.0 100.4 100 100.3 102.5 
Ss 2 0 4 137 3.18 50.5 91.8 101 100 100.8 99.4 
( stant Wattag 20,000 400 1 3 1.36 50.0 88.2 100 100 98.0 105 

HORIZONTAL BURNING 

Lag 18.70 2 131 2 47.7 91.4 93.5 98.0 96.7 102 
Lead 17,90 a4 131.7 464 87.2 89.5 96.0 16.8 104.4 
Ss es is 79 131.4 4 a9 10.0 94.8 16.7 101.3 
Constant W ag 17,2 7 1 & 3 46.1 83.9 86.0 93.3 98.2 104 
4 ha ¢ a high rrent cre tor 


lumens, watts, volts and amperes varies consider- 
ably with ballast type for horizontal operation in 
particular. In Table I the various types of ballasts 
are compared with respect to the absolute value of 
output. For vertical operation the differences are 
mostly very small, The only large departure is in 
the low lamp power factor of 88.2 per cent for the 
high crest factor constant wattage ballast compared 
to 92.6 per cent for the lag ballast. This low power 
factor results in a five per cent increase in lamp 
current to obtain lamp watts. 

When lamps are burned horizontally rather than 
vertically, large changes take place. The lumens, 
watts and volts decrease and the amperes increase. 
Lamp power factor also decreases. The lumens on 
the lag circuit decrease 6.5 per cent while the drop 
is 14 per cent for the constant wattage circuit. 
This means that a lamp rated at 20,000 lumens in a 
vertical position will only give 18,700 lumens in the 
horizontal position for a lag cireuit, 17,900 for the 
lead, 18,000 for the series and 17,200 for the con- 
stant wattage. Lamps are rated in the vertical 
position because the are is more stable vertically 
and readings can be repeated more closely. It has 
been only within the past few years that horizontal 
operation has become widespread in street lighting, 
and in such cases it is important to know how the 
lumens decrease with horizontal burning 

It is reasonable to ask why the lumens decrease 
in horizontal burning of mereury lamps. One of 
the canses of this decrease is due to the fact that 


the are floats above the are tube axis when the lamp 
is in a horizontal position. This brings the hot, 
ionized gas closer to the relatively cold are tube 
wall, causing it to de-ionize more rapidly during 
each half cycle. Faster deionization causes the 
current wave to be more peaked, and this in turn 
decreases lamp power factor and lamp watts. As 
a result, the lumen output decreases. 

If the ballast itself produces a peaked current 
wave shape, then the lumens and watts will be de- 
creased still further. This effect is evident in the 
data for the high crest factor constant wattage 
ballast which has a lamp power factor of only 83.9 
per cent for horizontal operation. The output for 
this ballast is only 17,200 lumens and 373 watts, 
while for comparison, the lag ballast has a lamp 
power factor of 91.4 per cent, while the watts read 
392 and the lumens 18,700. 


Wattage to Obtain 20,000 Lumens Horizontally 


There are now ballasts on the market that are 
made to operate the 400-watt quartz mereury lamp 
at 412 watts in attempting to obtain the 20,000 
initial lumen rating in a horizontal burning posi- 
tion. In order to obtain the additional wattage, the 
lamp current must be increased, as can be seen 
from Table II. The required increase varies from 
six. per cent for the lag to fifteen per cent for the 
constant wattage. If these higher currents are 
coupled with a poor wave form, as occurs with 
some designs of the constant wattage ballast, the 


TABLE Il — Lamp current to obtain various wattages for horizontal burning, and lamp wattts to obtain 
20,000 lumens horizontally for the H400-E1l lamp. 


Amps for 400 watts 


Amps for 400 watts 


Amps for 412 watts 


Vertical Horizontal Horizontal Watts to Obtain 20.000 
Ballast Amps o, Amps Amps oO, Lumens Horizontallyt 
Lag 2 100 3.31 103.5 3.39 106 414 
Lead 28 102.5 3.38 105.5 3.57 111.8 418 
Series 3.20 100 3.46* 108 3.56* 111.3 413tt 
Constant Wattage** 3.36 105 3.57° 112 3.68* 115 425tt 


ttOn the basis that a 7.5% increase in watts means a 10% increase in lumens. 


**A type having a high current factor 
*These figures are not taken from 


‘Assuming lamps have 20,000 lumens vertically 
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measurements, but are increased in direct proportion to the required wattage 
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po 


electrodes will be overheated, with the result that 
the are tube will blacken faster than normally. A 
center ballast design wattage of 412 watts is only 
slightly 
trouble should be expected due to this slight over- 


above the lamp design center, and no 


load alone, particularly with a lag type ballast. 
However, as has been shown earlier in this paper, 
on cirenits other than the lag type, individual lamp 
voltage tolerances can push the lamp wattage up 
as much 10 watts. 


expected to be poorer if the watts per square inch 


as Lumen maintenance can be 
loading on the quartz are tube is increased mate- 
rially.' If the increased wattage is accompanied 
by very high lamp currents due to poor ballast 


wave form, then poor maintenance is certain to 
oceur 
Referring to the last column in Table IT, it is 


evident that, for lamps reading 20,000 lumens in a 


vertical position, more than 412 watts are needed 


to obtain equal lumens horizontally. The amount 
of increase necessary depends upon the ballast 
used. The reason that ballasts are being made to 


operate lamps at 412 watts horizontally is that 
lamps actually have average initial readings higher 
than 20,000 lumens. This means that it is not nee- 
essary to have more than about 412 watts to obtain 


20,000 lumens in a horizontal position. 


Some Types of Ballasts Have Poor 
Current Wave Form 


One of the important variables of lamp operation 
that we have not discussed is the wave shape of the 


lamp current. We have found that poor current 


wave shape is damaging to lamp electrodes. This 
wave shape differs widely depending upon the type 
of ballast the is often 


more peaked immediately after lamp starting and 


used. Furthermore, wave 
during warmup than it is during normal burning. 
During the warmup period after starting, the pres- 
sure in the are tube is low and the evaporation 
from the electrode is much greater than when the 
lamp is warmed up and full pressure has been 
developed. If the wave form is badly 


peaked, both the increased r.m.s. value of current 


current 


and the high peak value greatly increase the black 
ening created during the sensitive low-pressure 
period. 

Oscillograms of lamp current wave form during 
warmup and normal burning are shown in Fig. 4 
for a lag and a constant wattage ballast. From 
measurements taken from these pictures, the crest 
factor (ratio of peak to r.m.s. current) on the Jag 
ballast is 1.4 during starting and 1.5 during burn- 
ing. The constant wattage ballast, on the otker 
hand, has a erest factor of 2.7 during warmup and 
2.1 during burning. This high crest factor is not 
necessarily inherent in the design of constant watt- 
age ballasts, but was present in the design tested. 
As will be shown later, high crest factors will cause 


poor lumen maintenance. 


Some Types of Ballasts Allow Highly Peaked 
Currents During Lamp Stabilization 


Since mercury lamps are of the self-heated cath- 
ode type, a number of cycles are reqdired for the 
electrodes to reach operating temperature each 


LAMP 
CURRENT 


CREST 


FACTOR 
CREST FACTOR 1 4 27 
| 
Figure 4. Lamp current and lamp | 30 SECONDS AFTER START 30 SECONDS AFTER START 
voltage wave forms on lag and high 
crest factor constant wattage ballasts 
at 30 seconds after start and during LAMP Lame Lamp Lame 
normal burning for the 400-watt 
quartz mercury lamp. 
CREST FACTOR 15 CREST FACTOR 21 
NORMAL OPERATION NORMAL OPERATION 
LAG CONSTANT WATTAGE 
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For the lag ballast, using 


time the lamp is started. 
lamps of present design, the time to stabilize varies 
from 40 to 120 cycles. 

During this starting period the lamp usually 
rectifies, the basic cause being the momentary 
ability of one electrode to supply electrons more 
other before uniform electrode 


easily than the 


temperatures are reached. The lamps will rectify 
first in one direction and then in the other, and 
these periods of rectification last roughly 20 cycles. 
During these periods there is, of course, a direct 
current component of lamp current, and the pres- 
ence of direct current in the ballast magnetic cir- 
suit causes the iron to saturate and allow the 
current to go still higher. The most severe rectifi- 
cation causes current peaks to be about 50 per cent 
higher than normal, but the exact pattern is never 
repeated from start to start. A typical oscillogram 
of lamp current and lamp voltage during part of 
the starting period for a lamp on a lag ballast is 
given in Fig. 5. 

The starting wave shapes of lamp current and 
lamp voltage for the constant wattage ballast are 
also shown in Fig. 5. Because there is a capacitor 
ean be no direct eur- 


These wave- 


in series with the lamp, there 
rent component in the lamp current. 
shapes are much more peaked than for the lag bal- 
last, and our measurements show that lamps re- 
quire up to several seconds and sometimes two or 
three 
factor is very high, about 2.7. 


minutes to stabilize completely. The crest 


The sharply peaked 
current wave shape and the longer stabilization 
time during starting cause excessive electrode 
evaporation and accompanying are tube blacken- 


ing at the starting period. As has been explained, 


LAMP 

volts 

Lamp 

AMPERES 


To 


12 CYCLES 


LAG BALLAST 


START TO 12 CYCLES 


LAMP 
AMPERES” 
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the current crest factor is not quite so high afier 
full lamp voltage is reached. It remains high 
enough, however, to cause excessive darkening of 


the are tubes during life. 


High Current Crest Factor Causes 
Poor Lumen Maintenance 


We have tested 16 H400-E1 lamps of our manu- 
facture and 10 lamps of competitive manufacture 
for lumen maintenance under controlled conditions 
on 10 ballasts having a crest factor of 1.5, and 10 
ballasts having a crest factor of 2.1. The results 
of these tests, which are for vertical operation. are 
shown in Fig. 6. The lamps on this test were 
burned for 500 hours on lag ballasts and then 
photometered to make sure that they were normal 
before starting the special test. The lumen main- 
tenance on the ballasts having the low crest factor 
is much superior to that of the ballasts with a 
high crest factor. For instance, after 4000 hours 
of additional burning, the lamps on the ballasts 
with a crest factor of 1.5 had 80 per cent of the 
500-hour lumens, while those burned on the ballast 
with a 2.1 crest factor had only 43 per cent of the 
500-hour lumens. 


Summary 


The watts supplied to a lamp burning on a lag 
ballast vary appreciably with variations in supply 
voltage, but scarcely at all throughout the range 
of normal lamp voltage tolerances. Series circuits 
and constant wattage ballasts supply a fixed lamp 
current, so individual lamp wattage and output 
vary greatly with individual lamps. Lead circuits 
are intermediate between the two classes. 


Figure 5. Oscillograms of lamp cur- 
rent and lamp voltage during the lamp 
stabilization period on lag and high 
erest factor constant wattage ballasts 
for the 400-watt quartz mercury lamp. 
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Figure 6. Per cent of 500-hour lumen 


output versus hours of burning for 60\— 
lamp current crest factors of 1.5 and 
2.1 for the 400-watt quartz mercury 
lamp. 40 
20> 


PERCENT OF S00 HOUR LUMENS 


Lamp wattage and output are lower if the lamps 
are operated horizontally. Ballasts for horizontal 
operation can be designed to supply the additional 
watts to bring either the power consumed or the 
output back to rating. To reach rated lumen out- 
put the lamps must be operated slightly over de- 
sign wattage. This is not harmful to lumen main- 
tenance if line regulation and current wave form 
are good. However, where poor line regulation 
causes excessive lamp current, or where ballast de* 
sign results in peaked current wave form, poor 
lumen maintenance will occur. 
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DISCUSSION 


H. U. Hsermstap:* It becomes apparent from this paper 
that there are differences in lamps and ballasts. The 
authors certainly have spent a lot of time in testing 
equipment under conditions which rarely exist in the field. 
Many engineers do not feel that what they have said is 
true of all types of ballasts and lamps. To my knowledge 
there are very few, if any, installations of multiple street 
lighting systems employing E-H1 or A-H1 lamps that use 
an indoor low-power factor ballast. This is the type of 
ballast that was apparently used for a comparison or a 
standard. One of the major causes of high crest factor 
in a ballast is the ratio of the open circuit voltage neces- 
sary to strike the lamp and the lamp operating voltage. 
I believe that the tests should have been conducted on a 


*Sola Electric Co., Chicago, Il 
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3000 
OF BURNING 


high-power factor, high reactance outdoor ballast for the 
most valuable information. 

A constant wattage ballast having a crest factor of 
2.1 is not realistic either. The company, which developed 
the constant wattage ballast system originally marketed 
an outdoor ballast with a crest factor of 1.75 to 19 at 
nominal voltage depending upon whose and what kind 
of lamp. Design improvements have resulted in crest 
factors of 1.62 to 1.75 and are currently being sold. We 
have many thousand constant wattage ballasts in service. 
To my knowledge we have never had a customer com- 
plaint due to rapid lumen depreciation. 

Figure A is a typical photograph of our lamp life 
experience. These two E-Ili lamps have operated over 
11,000 hours. The one with the greatest end blackening 


ran 11,240 hours on a high-power factor, high reactance 


CONSTANT WATTAGE BAILASTED 


CONVENTIONAL NON REGULATING BALLASTED 


— 


Figure A. Comparison of end blackening on field-oper- 
ated E-Hl mercury vapor lamps. Top lamp operated 
11,740 hours from constant wattage ballast. Lower lamp 
operated 11,240 hours from conventional non-regulat- 
ing ballast. Both lamps are of the same manufacturer. 
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Figure B. Conventional, non-regulating high-power fac- 
tor ballast circuit for Hl lamps. 


outdoor ballast having a crest factor of 1.61. The second 
or top lamp ran 11,740 hours on a constant w ttage bal- 
last which had a crest factor of 1.89. 

Figure B shows a schematic diagram of a high-power 
factor, high reactance transformer which is typical of 
the type usually employed for multiple street lighting. 
The capacitor C, provides for power factor correction over 


the The 


current is limited through the high reactance secondary 


primary extension winding. secondary lamp 
winding. 
The of this of 
high pressure mercury vapor lamps are: 
(1 
(2) High 
by 


characteristics type ballast operating 
Short warm-up time, 

is frequently 
panied the 


being as high as 30 to 60 amperes for periods as long as 


starting current which accom 


lamp rectification with starting current 


60 cycles, 


(3) Large variation in light output with line voltage 
changes. 

4) Large variation of lamp watts and current with line 
voltage changes. See Figs. C, D and E. For example at 200 
volt primary lamp watts 310, 320 volts 390 watts and at 260 


volts, 474 watts, 

(5) Affeeted by lamp failure or power outage. 
lamp fails or power interruption occurs, the primary cur- 
rent of a high-power factor, high reactance ballast will 
This may 


When a 


increase to nearly double its nominal value. 


PRIMARY VOLTS 
REGULATED TYPE NON-REGULATED TYPE 
230 Volt Connection 240 Volt Tap Used 
200 | 230 | 260 | 200 | 230 | 260 
PRIMARY WATTS 466 | 473 | 480 | 350 | 442 | 543 
PRIMARY CURRENT | 237 | 208 | 1.88 | 1.84 | 209) 233 
LAMP VOLTS 13s | 195 | 1395 | 194 | 135 | 126 
LAMP WATTS | 418 | 424 | 310 | 390 | 474 
Loan 
CONDITIONS LAMP CURRENT 3.26 30° 350 245 306 368 
WATTS LOSS 560 | | 560 40 52 
EFFICIENCY % | ses | | | | 872 
power FACTOR % | 985 | 987 | 982 | 952 | 920) 897 
PRIMARY WATTS 27 7 40 4s 60 80 
OPEN 
| PRIMARY CURRENT | 163 104) 1.18) 270 | 308 | 350 
LAMP VOLTS 302 | 326 | 318 | 270 | 295 | 335 


Figure C. Comparison of electrical characteristics of 
constant wattage ballast and conventional non-regulat- 


ing ballast for E-H1 lamps. 


cause excessive ballast heating. With short time power 


failure all lamps on circuits go out. Upon restoration of 
power the lamps have such a high ignition voltage re 
quirement that they cannot restrike. The primary current, 
however, is so high the main circuit breakers are caused 
to open, 

(6) Open secondary circuit voltage of the ballast varies 
direetly with primary voltage, 

(7) The ballast primary voltage tap must be adjusted 
for normal line voltage at the time of installation. One 
has to hope that the line voltage will remain the same at 
all hours and seasons, 

(8) Sensitive to line harmonic frequency content, 
(9) Less change in lamp wattage but certainly not 
“searcely at all” on high or low voltage lamps, 

(10) Crest factor of 1.5 to 1.65. 

The diagram of Fig. F shows a schematic arrangement 
of a ballast. It 


a high reactance transformer in which the lamp and the 


suitable constant wattage is basically 
power factor correcting capacitor C, have been placed in 
series. C, is a capacitor of such size as to resonate the 


secondary of the transformer to 180 cycles and thereby 


320 

UNREGULA 400 

‘ 220 240 260 


220 240 


LINE VOLTS 


200 


Figure D1. Open circuit characteristics, regulated type vs. unregulated 


type. 
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Figure D2. Lamp wattage regula- 
tion of D-H1l mercury vapor lamp, 


regulated type and unregulated 
type. 
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‘igure D3. Lamp wattage regulation. 


maintain a high open circuit voltage with various primary 
line voltages. Once the lamp has ignited, C, is in series 
with the lamp and after the lamp has come up to full 
operating condition it operates at resonance to provide 
near unity primary power factor. The characteristic 
features of a properly designed constant wattage bailast 
are: 

(1) Slow warm-up time, approximately 1% to 1% 
times the requirements of a high-power factor, high re 
actance ballast, 

(2) Open cireuit voltage is regulated to provide better 
starting characteristics, especially for cold weather oper- 
ation. See Fig. D1, 

(3) Regulated lamp wattage. See Fig. D2, 

(4) Regulated lamp light output, 

(5) Open circuit primary current goes down with sec- 
ondary shorts or opens due to lamp failures providing 
positive system protection. See Fig. C, 

(6) No need for primary taps, 

(7) Low starting current or surge currents rectifica- 
tion cannot take place. See Fig. E, 

(8) Lamp does not extinguish due to line voltage flue 
tuations or dips, 

(9) Exeellent lamp life. Many lamps operating 10,000 
to 15,000 hours. See Fig. A, 

(10) Crest factor of 1.6 to 1.75, 

(11) Reeent ballast designs have brought the wattage 
of low voltage lamps up and high voltage lamps down. 
See Fig. D3, 

(12) Not sensitive to line harmonics. 

Summing it all up, the engineering features of the con- 
stant wattage or regulating type ballast are so far more 
desirable and practical that it is fast becoming the gener- 
ally accepted standard ballast for mereury vapor lighting 
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Figure E. Comparison of starting characteristics for 
constant wattage and conventional non-regulated mer- 
eury vapor lamp ballasts. 


Ca 


Figure F. Constant wattage ballast circuit for E-H1 type 
lamps. 


systems. No doubt this will be true when everyone gets 
through re-inventing it. 

I have a few questions for the authors. They are: 

(1) What is the maximum crest factor permissible for 
(a) a 400-watt E-Hl lamp, and (b) a 400-watt A-H1 
lamp? 

(2) What is the maximum permissible current that an 
E-H or A-H lamp can tolerate and eliminate end black 
ening 

(3) What is the maximum permissible operating watt 
age to prevent end blackening? 

(4) A-H1 and E-H1 lamps have been out for several 
years. As yet, no American Standard for ballast im- 
pedance has been developed. What is the recommended 
ballast impedance to provide 400-watts (a) for outdoor 
use, and (b) for indoor use? What are the open circuit 
voltages for these impedances? 

(5) When ballasting fluorescent lamps, low lamp cur- 
rent will cause excessive end blackening. Is this also 
true of high pressure mercury vapor lamps? 

(6) What is the lamp current that will bring the cath- 
ode of an A-H1 lamp up to operating temperature? 

(7) What is the lamp current that will bring the cath- 
ode of an E-H1 lamp up to operating temperature? 

(8) Did the authors run any tests of A-H1 lamps under 
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the same conditions of the paper? What were the results 
of these tests? 

%) On page 520 the authors show that 26 lamps were 
tested on 20 ballasts. No doubt this was a typographical 
error. Were all these lamps of center voltage? 

(10) What were the complete electrical specifications 
of the two types of ballasts tested both under operating 
conditions and open cireuit secondary conditions? 


A. E. 
this paper on the summation of a problem which has been 


I wish to congratulate the authors of 


facing ballast designers for some time. 

[ have been aware that the problem of crest factor 
relative to lamp current existed, but did not have a full 
understanding of its ramifications until this paper was 
presented. 

The lag type ballast with power factor correction can 
be manufactured with crest factors on the order of 1.5, 
but it leaves much to be desired relative to regulation. 
However, if there is a considerable loss in lumens main 
tenance with high crest factor such as indicated in many 
of the so-called constant wattage type ballasts, the ballast 
designer wonders whether a compromise between regula- 
tion and crest factor might not be desirable. An exami- 
nation of several different makes of constant wattage type 


hallasts indicates that high erest factors are common with 


these ballasts. This is no doubt indicated by the eco 
nomics of ballast design, and it may be quite possible to 
make a constant wattage ballast with a considerably 
lower crest factor. The cost of such a ballast may not be 
economically feasible. The variation of the wattage be- 


tween different lamps with the constant wattage ballast 
indicates that there are defects in the use of the constant 
wattage ballast which could cause as much damage to 
lamp life as with a moderately varying voltage and a lag 
type ballast with voltage taps. 


Our research indicates that it is possible to vary crest 


factor inversely with the degree of regulation and at the 
same time provide a ballast of economical design. This 
means that at a crest factor of relatively low level 1.€ 
to 1.7 it is possible to design a ballast of approximately 


linear regulation, that is, a 10 per cent voltage variation 
would cause 10 per cent wattage variation. This type of 
ballast would have characteristics similar to that shown 
for the lead type ballast and would be considerably less 
expensive to manufacture. The regulation could be im 
proved at the expense of crest factor. 

It is up to the ultimate user and the lamp designer to 
evaluate the factors of regulation, lumen maintenance, 
ind eost; and then inform the ballast designer of the 
lesired limits which would be the most satisfactory com- 
promise within the limits of economical ballast design. 
J. M. Harris:** The effect of ballasts and associated 
circuitry upon mereury lamp operation is very important. 
Ballasts have a profound effect on the mercury lamp, and 
the design may materially affect lumen maintenance and 
life. May I congratulate the authors for their presenta- 
tion of the analysis of these operating variables on mer- 
ecury lamp performance. 

I agree with the authors in many instances. However, 
there are several items which I feel should be enlarged 
upon with more complete data and figures in order to make 


the paper more effective. 


Vice-President, Product Design, Advance Transformer Co., Chicago 
Sylvania Electric Products Inc., Salem, Mass 
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(1) Little mention has been made of the number of 


lamps involved in the various conclusions. Over extended 
life tests there can be considerable variation in lumen 
maintenance from lamp to lamp even when tested 
under laboratory conditions. Any kind of life test on a 
small number of lamps may show a trend, but to pro 
nuvunce sentence on any ballast or lamp without consider 
able field and factory substantiation would be mislead- 
ing. 

(2) Another item not mentioned in the data is the type 
or types of constant wattage ballasts or the type of lag 
ballast used. The indoor ballast has a low open circuit 
voltage compared with a high open circuit voltage of the 
constant wattage ballast. If the indoor ballast was com- 
pared with the constant wattage ballast, the results would 
not be comparable. 

During the past year we have recorded many current 
waveforms and calculated the resultant crest factors of 
several types of constant wattage ballasts. Rarely have 
we found results so poor. As a matter of fact some of the 
later constant wattage ballasts tested show maximum 
crest factors (within the primary voltage range) of 1.85. 
This seems quite acceptable even through the crest factor 
during warm-up is as high as 2.25. These results indicate 
that the authors’ conclusions concerning the crest factor 
itself seem to be somewhat incomplete. 

(3) I believe ‘the authors’ reference to rectification 
was under-emphasized. Excluding series and constant 
wattage ballasts which virtually eliminate rectification 
effects, rectification currents usually exceed the lamp eur 
rent by more than 50 per cent. Oscillograph records show 
some ballasts with peak rectification currents three to 
four times the normal current on indoor ballasts and still 
higher on other outdoor types. Although most lamps can 
stand these high surges, adequate design to limit this 
excessive current should benefit the lamp user. 

(4) An are tube voltage of +15 volts does represent 
the industry limits. This is a limit and no manufacturer 
takes full advantage of this spread. 
tube voltage vary more than +10 volts and in many 


Seldom does an are 


eases a majority of the are tube voltages range within 
+5 volts of center. Therefore, the constant wattage term 
is adequate for a large majority of all commercial lamps. 

As a final note, in the introductory remarks mention 
was made that either soft or hard g!ass outer jackets are 
used in standard quartz lamps. It was reported at the 
Thirteenth Annual M.I.T. Conference on Physical Elee- 
tronics in 1953 by C. Kenty of the General Electrie Co. 
that the expected life and lumen maintesance would be 
decreased if hard glass outer jackets were used. The 
reason given was that H, from hard glass outer jackets 
diffuses through the quartz are tube and contaminates 
the thorium on the cathode. I would be pleased to know 


if these findings are obsolete. 


Hersert O. Rost:* This excellent study on the effects of 
changes in line voltage and the observance of certain 
tolerances in lamp manufacture on the performance of 
mercury lamps is based on the commercial are voltage 
range of 120 volts to 150 volts with 135 volts as center 
voltage. It is, however, not the lamp voltage that affects 
the lamp performance but rather the impedance of the 
lamp which in itself is determined by manufacture, age 
and lamp history, as well as by outside circumstances, 
mainly the temperature. This lamp impedance is never- 


*Jefferson Electric Co., Bellwood, Ill. 
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theless of a well determinable and readily to be agreed 
upon value for any lamp operated over a standard reactor 
after a certain aging period. An H 400-E 1 lamp with an 
inherent effective impedance of 33.3 ohms when operated 
over such a reactor will draw a current of 3.6 amps which 
in turn develops a voltage of 120 volts across the are. 
The corresponding values at 42.3 ohms (center-voltage 
lamp) would be 3.2 amps and 135 volts, and with a lamp 
of 53.3 ohms, 2.8 amps and 150 volts are to be expected. 
We know that this impedance actually represents a re- 
sistance which by virtue of the fact that the shape of the 
are voltage considerably deviates from a sinusoidal wave 
appears to be an inductive impedance. It is this apparent 
impedance value that affects the lamp performance, and 
it is nothing else but this impedance that could possibly 
be seen by the ballast. 

While the 
to not more than £11 per cent, the effective lamp impe 


range of the lamp voltage tolerances amounts 


dance Z (are voltage in rms divided by lamp current in 
rms, the latter practically being sinusoidal) varies over a 
range from 79 to 126 with 42.3 ohms as 100, ie in the ratio 
of 100 to 160, 

Based on the figures as given by the authors there is no 
ballast in any of the cited four groups of lamp ballasts 
that would exceed this ratio as far as the wattage delivered 
to the lamp is concerned. Even under +10 per cent change 
in line voltage the lamp wattage would stay within 77 and 
124 with 100 for a center-voltage lamp operated over any 
of the four ballasts from nominal line voltage. The table 
shows how the lamp impedance and the change in line volt 
age affects the wattage to the lamp (lamp in vertical posi 


tion ) 


An H 400W — El Lamp with: 


Z,, (ohms) 33.3 42.3 53.3 
T,, (amps) 3.6 3.2 2.8 
Vie (volts ) 120 135 150 


will operate at % wattage at 


% of nominal line voltage 90/100/110 
on Lag Ballast 80/102/124 
on Lead Ballast 81/91/101 
on Series Ballast 90/90/90 
on Constant Wattage Ballast 90/90/90 


90/100/110 90/100/110 
78/100/122 77/98/120 
89/100/111 97/109/121 
100/100/100 107/107/107 
100/100/100 110/110/110 


This chart is self-explanatory. Since there are lag ballasts 
on the market responding to line fluctuations of +10 per 
cent (in volts) with not more than +15 per cent change 
in wattage, corresponding to only + 20 per cent change in 
light output, the total range of lamp wattage tolerances has 
been considerably narrowed down. Further efforts will have 
to be directed against even narrower limits, by the ballast 
manufacturers as well as by the lamp manufacturers. No 
doubt that certain improvements in the lead and constant 
wattage circuit, as outlined by the authors, are indicated. 

Answers on two questions of minor importance would be 

appreciated: (1) Is the scale applied to lamp amperes in 
Fig. 5 the same for the constant wattage transformer as it 
is for the lag ballast? (2) What are the open circuit volt 
ages of the ballasts in Fig. 6, and on what line voltages 
have the ballasts been operated? 
C. H. Burns:* This paper gives data not generally known 
to users of mercury lamps and not previously compiled 
under one heading. The authors should be commended for 
their work in compiling these data. 

There are several questions I would like to ask the 
authors: 

(1) Since the ratio of open cireuit voltage supplied by 
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the ballast to operating voltage of the lamp affects those 
data shown in this paper, it would be desirable to know 
the open circuit voltage of the several types of ballasts 
used in securing these data. 

(2) On page 519 of the paper, under the heading “Some 
Types of Ballasts Have Poor Current Wave Form,” the 
author makes the following statement: 

“If the current wave form is badly peaked, both the 
increased rms value of current and the high peak value 
greatly increase the blackening created during the sen 
sitive low-pressure period.” 

I would like to ask if this means that a higher crest 
factor on lamp current is permissible during operating than 
during starting. I would also like to hear the authors’ 
recommendations on lamp current crest factor limits under 
both starting and operating conditions to secure rated life 


and lumen maintenance. 


P. B. Cuark:** When I read the title of this paper I 
thought here would be a treatise on all variables affecting 
the operation of mercury vapor lamps. Disappointment 
followed, however, when I found that the one great vari 
able (input voltage variation) was passed by with very 
little analysis or comment and comparative conclusions were 
arrived at giving it little consideration. 

How does an engineer or lineman select the proper tap 
when installing a ballast having multiple tap input wind 
ings? In street lighting this is almost an unsolvable prob 
lem. If the ballasts are being installed on a cireuit that is 
used for street lighting only, then the IR drop between 
ballasts can be computed and a selection made on that 
basis. Feeder voltage variation, however, is the stupendous 
problem to surmount. Distribution engineers wrestling with 
the problems of line voltage are faced with the following 
dilemma: 

(1) Day time industrial load. 

(2) Day time and evening air conditioning loads that 
may be exceptionally heavy during certain seasons. 

(3) Water heater, cooking, lighting load, ete. super 
imposed on this in the early evening hours. 

(4) Great reduction of practically all of this load during 
the late night and early morning hours. 

Does the street lighting engineer base his tap selection 
on a voltage that exists during the day or early evening 
hours when the loads are extreme and the voltage low or 
does he base it on a condition that exists during the wee 
hours of the morning when the line load is extremely low 
If the distribution 


engineers have used unswitched distribution capacitors for 


and the voltage is excessively high? 


power factor correction, in order to improve their heavy 
load line conditions, the street lighting engineer has a 
real problem when the reactive line load is low. 

These, I feel, are the variables that really cause mereury 
vapor lamp operating problems, especially on street light 
ing applications. 

The constant wattage ballast due to its regulating char 
acteristics, and it alone, has the desirable characteristics to 
solve these problems without expensive system analysis and 
modification. 

The authors have not pointed out one extremely desirable 
characteristic of constant wattage ballasts. The constant 
wattage ballast losses under no-load conditions are of a 
lower magnitude than when operating a lamp. Many other 
ballasts have extremely high losses when energized without 
load. This results in extreme operating temperatures, espe 
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Figure I. Regulation Characteristics of Group C 


constant wattage ballasts for 400-watt Type H 1 
mercury lamps. 


cially in certain portions of the winding and the resultant 
deterioration of insulation and ballast failure. 

I feel that it is likely and extremely unfortunate that 
this paper might cause readers to conclude that constant 
wattage ballasts represent just another and perhaps mediocre 
method of operating mereury vapor lamps. This certainly 
could not have been the authors’ intent and it is unfortu 
nate that they used constant wattage ballasts having such 
poor characteristics for their test work and studies. 

It should be 
ealled constant wattage ballast designs. Fig. G of this 


borne in mind that there are several so 


diseussion shows the regulation of three constant wattage 
The graphs were 
Lamps 


ballasts having different type circuits. 
plotted from test data taken in our laboratories. 
with voltages as low as 120 volts were used as well as lamps 
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Figure H. Constant wattage ballasts — open circuit 
characteristics. 
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Figure J. Regulation characteristics of high reactance 
type ballasts for 400-watt Type H 1 mercury lamp. 


with voltages as high as 150 volts. Input voltage to the 
ballasts was varied from 100 volts to 130 volts. The graph 
bars on the right show the excellent regulation that can be 
obtained with proper constant wattage ballast circuits even 
when operating with all the variables that can be encoun- 
tered. It should be noted that each bar of the graph 
represents regulation above and below the particular mean 
wattage for that group of lamps. 

Fig. H shows the open circuit voltage provided by these 
ballast circuits. The ballast represented by the top line 
of this graph reliably starts and warms up lamps to operat 
ing temperature conditions at temperatures of —20F and 
below. Lamps of several makes both new and old were used 
in these tests. Ballasts of this type have operated for sev- 
eral winters in Alaska where the temperatures have been 
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extremely low for prolonged periods of time and completely 
reliable starting and operation have been experienced. 

Fig. I is a graphic portrayal of the regulation charac- 
teristics of the constant wattage ballast that we supply. It 
should be noted that several lamp manufacturers indicate 
that better than 90 per cent of the lamps which they sell 
fall within a voltage range represented by the shaded area 
of this graph. 

Fig. J is a graphic portrayal of the regulation charac- 
teristics of high reactance, high power factor type ballasts 
for 400-watt Type H-1 mercury lamps. This graph is 
plotted from test data taken in our laboratories when test- 
ing a ballast of this type that is in common use for street 
It should be noted that this ballast 
has two primary winding taps. I believe it clearly portrays 
the problems that I discussed in the beginning of this com 
ment. 

I would like here to make mention of a paper published 
in Canada and authored by Mr. P. Shane. The title is “A 
Brief Report on Experience of Manitoba Power Commission 
with Conventional and Constant Wattage Mercury Vapor 
Ballasts.” The paper covers the problem of ballast failures 


lighting at present. 


and should prove extremely enlightening to anyone using 
mercury vapor lamps. It deals with the problem of har 
monies on circuits supplying mercury vapor ballasts. 

There are other technical points and questions that I felt 
warranted discussion but others have commented on them 


and I shall refrain. 


F. D. Wyartr:* This paper is of value in that any new 
information on mercury lamps and their auxiliary ballasts 
are of great interest, due to the growing use of this type 
of lamp for street lighting. 

I wish to question the apparent criticism of constant 

attage ballasts. We have used a considerable number of 
these with excellent results, and we have no reason to suspect 
that the constant wattage ballast per se causes either a re 
duction in life or lumen output. 

The great advantage of these constant wattage ballasts is 
the wide voltage regulation permissible, with essentially 
constant lumen output, which permits considerable econ 
omies in copper wire sizes. 

This causes us to look somewhat further at the results 
of these tests. 

The first question which should be investigated further 
is the crest values of the particular ballasts tested. It is my 
understanding that the constant wattage ballasts with which 
these tests were made are indoor units with 200 volts maxi 
mum for starting, low power factor and with a crest value 
ef 2.1. 
ballasts of the type which are in general use. All of the 


This ballast is not comparable with present day 


constant wattage ballasts which we have used are of the 
high-power factor type, with 300 to 325 volts open circuit 
The difference 
in the crest values, open circuit voltages and power factor 


and with a crest value not to exceed 1.75. 


of the ballast will undoubtedly make a difference in the life 
of the lamp and its resulting lumen output. 

The second question pertaining to the method of tests 
is that the impressed line voltage was held constant. It 
appears that the tests were made with constant voltage 
supply, which is a condition not actually achieved in service. 
The constant wattage ballast is made primarily for a fluc 
tuating voltage supply and the conventional type multiple 
ballast suffers greatly with a fluctuating voltage supply. It 
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would be most desirable tc make this comparison on a basis 
of actual service conditions . 

It is suggested that these tests be continued with a flue 
tuating voltage as found in service, and with high-power 
factor ballasts to make further comparisons. 


W. S. TiLL:* 
would like to ask the question: 


In commenting on this interesting paper I 
“What effect on lumen 
maintenance results from the operation of an E-H1 mereury 
lamp on a ballast having a lamp current crest factor of 
1.7; and similarly, one of 1.85?” 

Although the authors’ objective in studying the effect of 
peaked current wave shape is commendable, their tests 
apparently were limited to ballasts having crest factors of 
1.5 and 2.1. As a result, the data plotted in Fig. 6 may lead 
to the inference that lumen maintenance becomes poorer 
with any crest factor value above 1.5, but we feel that 
such an interpretation would be questionable. Do the 
authors have any other evidence or an opinion regarding the 
nature of the function; that is, is lumen maintenance satis 
factory up to some critical value of crest factor, or is an 
exponential function involved? 

Our tests of ballasts having a lamp current crest factor of 
approximately 1.85 have shown no adverse effect. These 
tests have been conducted ever since the constant wattage 
type of ballast was first introduced, and they are continu 
ing. Lamps tested have been limited to those of our own 
manufacture. 

Regarding the choice of 412 watts for horizontal opera 
tion of E-H1 lamps, I would like to point out that we 
selected this value in order to obtain the same light output 
as in vertical operation, without sacrifices of safety factor 
in the lumen rating. I received a somewhat different im 
pression from the paper, but this could be due to design 
differences in lamps tested, as we found considerable varia 
tion among different brands. All lamps tested with pho 
tometered after stabilization at various angles of rotation 
about the horizontal axis so as to eliminate errors in posi 
tioning to the greatest possible extent. 

I note that the maintenance curves of Fig. 6 are shown 
in terms of 500-hour performance for the understandable 
reasons given in the paper. Since it is customary to publish 
maintenance data based on performance at 100 hours, com 
parison. with other curves should be made with this differ- 


ence in mind. 


C. W. KRonMILLeR:** This paper illustrates the wide varia 
tion of operating characteristics that can be obtained using 
different types of ballasting circuits on the same lamp. 
Consideration was given to the effect of lamp and Le 
voltage variation on lamp performance. In actual lamp 
operation in the field, consideration must also be given to 
the manufacturing tolerances necessary for the production 
of ballasts. 

I believe these points indicate a definite need for industry 
s‘andards for both mercury lamps and mercury ballasts. 
The authers are to be congratulated for taking a necessary 
step in this direction. 

I would like to ask the authors if they have more specific 
information on what they consider excessive lamp current. 


J. Pererson:' I think this paper is a very comprehensive 
treatment of the behavior of the 400-watt El lamp under 
various operating conditions. As a representative of a 
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manufacturer of street lighting equipment, we feel that the 
data presented by the authors is a clarification of a sub 
ject that was rapidly becoming somewhat confused, to say 
the least. In particular, we weleome the data on horizontal 
burning because the majority of street lighting luminaires 
using the 400-watt lamp now operate the lamp horizontally. 

I think it is obvious from the data that there is no ideal 
ballasting system which ean be universally applied to all 
types of installations. We have supplied ballasting equip 
ment for all the various types mentioned in the paper and, 
in general, these systems have performed satisfactorily in 
the eyes of the user, especially when he has understood the 
that Indi 


ballasts are 


limitations have been set forth in this paper. 


vidual lead 
extent that they 


not being used today to the same 
were in the early days of mercury street 
lighting. the 
popular type in spite of their sensitivity to primary voltage 


Conventional lag ballasts represent most 


variation. Downtown areas supplied by networks or systems 


with good voltage regulation seem to be well suited to the 


ag ballasts. Proper use of the taps on the lag ballast 


seems to be a practical way to overcome the effects of line 


drop in systems where a number of lag ballasts are con 
trolled from a common contactor. Where primary regula 
tion is poor or the tap selection problem is involved, then 
the cons‘ant wattage ballast might be the answer. Inci 


“eonstant watt 
type of ballast 
We prefer 


a regulator ballast because the 


the term 
that this 


all lamps 


dentally, the paper indicates that 


age” is somewhat misleading in 


does not deliver constant wattage to 
to call this type of ballast 
ballast essentially regulates the output current to a constant 
value and hence only holds constant wattage to the partic 
ular lamp that it is operating and that value of constant 
wattage will vary from lamp to lamp as the are drops in 
the lamps vary from 120 to 150 volts. 

The erest factor limitation mentioned in the paper can be 
ballast this 
circuitry date. 


Such a device with an improved crest factor is available at 


improved by some new cireuitry; details on 


will probably be available at some future 
the present time. 

With regard to series cireuits using ILH ballasts, it could 
that the 


are never as great as on other types of ballasting and it is 


be stated extremes of wattage due to all causes 
our impression that lamp performance on series cireuits is 
lag ballasts where 
wide swings of primary voltage are encountered. 


The lead and lag data given in the paper were apparently 


better than on multiple cireuits with 


taken on a 230-volt open-cireuit voltage ballast. Most street 
lighting ballasts use 300 volts open circuit voltage and these 
characteristies for a 


300-volt 


ballasts less change in other 
given change in line voltage. For 


ballast the output wattage varies approximately as the 1.5 


show 


instance, on a 


power of the primary voltage as compared to roughly the 
the the 230-volt open 


square of the voltage in ease of 


ballast. 


In summary, let 


eireult 
me emphasize again that this paper 
should prove to be a valuable tool in the hands of a user 
in evaluating lamp performance on various types of ballast 
ing systems. 
E. B. Noew and E. C. Marrr:* First of all we wish to 
thank all of the discussors of our paper for their comments. 
They have brought out many important points and we hope 
that, along with our replies, these discussions will increase 
the usefulness of our paper. 

Since several of the same questions were asked by many 
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of the discussors of our paper, we will try to answer these 
first collectively. Some of these questions arise from a muis- 
interpretation of the purposes of our paper, which are as 
follows: First, to summarize lamp behavior resulting from 
different primary voltages and different lamp voltages on 
Second, to show the effects of horizontal 


and 


third, to show how lamp current wave shape affects lumen 


typical ballasts. 
lamp operation with the different types of ballasts, 


output which the user cannot easily measure. We stated defi 


nitely that we are not condemning the constant wattage 
ballast. We are primarily interested in obtaining good lamp 
performance regardless of the type of ballast used, and we 
believe that these conditions can be obtained in all types of 
It is true that in the tests involving high current 
erest factor ballast. This is 


not to say that all constant wattage ballasts have a highly 


ballasts. 
we used a constant wattage 
peaked lamp current wave shape. We are certain that some 
of the early designs of the constant wattage ballasts did 
have a high crest factor, and we used one of these designs 
to determine the effect of lumen 
nance. We recognize that this ballast type has many assets, 


erest factor on mainte 

and we do not intend to detract from these. We gather from 

the discussion of our paper that the manufacturers of these 

ballasts have taken definite steps to improve the lamp cur 

rent crest factor. This is encouraging news. 

to the 
This 


Many discussors questioned the 2.1 value given 
lamp current crest factor of the test ballasts used. 
value was arrived at by three separate methods, and we 
believe it to be substantially correct. We believe there is 
need of an accepted method within the mereury lamp indus 
try as there is within the fluorescent lamp industry for 
measuring crest factor. We hope that one of the resu!ts of 
these that an ASA 


mend suitable methods for measuring the peak to-rms ratio. 


discussions is Committee will recom 


Many asked for specific details of the ballasts com 
pared. The lead-lag ballast used was one manufactured by 
our own company for indoor operation and had open cireuit 


voltage of approximately 228 volts with center primary 


a short circuit current of 4.5 the 


amperes on 
the lead 


The constant wattage ballast used had an open circuit volt 


voltage and 


lag side and approximately 4.2 amperes on side. 
age of 350 volts and a short circuit currcnt of 4.8 amperes. 


Since the ballast was not of our own manufacture, we will 


not describe it further. Despite the differences in open 
circuit voltage between these two ballasts, we believe the 
tests to be comparable. For instance, as a result of many 
tests we have shown statistically that there is no difference 
or lumen between the lead lag 
ballasts. We that a high reactance 


outdoor ballast with an open circuit voltage of more than 


in life maintenance and 


have further shown 
350 volts gives performance comparable to that of the lead 
lag ballast when the lamp erest factor and other operating 
conditions We conclude from this, that within 
the range studied, the value of open circuit voltage is not 
an important factor in The factors 
which most affect lumen maintenance from a ballast stand- 
point are the absolute value of lamp current, the lamp 
current wave shape and the starting transients if the lamp 


are the same. 


lumen maintenance. 


is started often. 
Several discussors asked for complete ballast specifica 
could follow. being 


these 


tions that manufacturers These are 
written at present by ASA Committee C82. Until 
specifications are written, our own company recommends a 
maximum erest factor of 1.7 for both starting and operat- 
ing, measured by means of a peak-to-peak meter with an 
rms meter, or by means of a good cathode ray oscillograph. 
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Figure 7. Per cent of 100-hour lumen output vs. hours 
of burning for lamp current crest factors of 1.5 and 2.1 
fer 400-watt quartz mercury lamps made by Competitor 


“A ” 
ae 


We also recommend that, with a lamp having center voltage 
operated by a ballast with rated or center voltage on the 
primary, the lamp current shall not exceed 110 per cent of 
nominal, nor shall lamp wattage be less than 90 per cent 
of nominal. The minimum current shall be that correspond 
ing to the 90 per cent wattage value. 

Since this paper was presented, we have obtained addi 
tional photometry of Competitor “A”’s lamps which have 
now been burned to 4000 hours. Five lamps were burned 
on 1.5 crest factor ballasts and five lamps were burned on 
2.1 crest factor ballasts during the entire test. The results 
are shown in the accompanying Fig. 7. It is apparent from 
these curves that there is a decided difference between the 
lamps burned under these two conditions. For example, at 
4000 hours the lumen output is 66.5 per cent of the 100 
hour reading on the 1.5 crest factor ballast, and 37.2 per 
cent of the 100 hour reading on the 2.1 crest factor ballast. 
We realize that more testing would be necessary to deter 
mine actual numerical differences, but these curves definitely 
indieate that a considerable difference exists. On the basis 
of this test, we are certain that the problem is not limited 
to the lamps of only one manufacturer. 

The following are our comments on Mr. H. U. Hjermstadt’s 
discussion of our paper. First of all, Mr. Hjermstadt 
states that we have spent a lot of time in testing equipment 
under conditions that rarely exist in the field. 

Does he mean by this that primary voltage never changes 
in the field? Or that lamps are never burned horizontally, 
and fhat all ballasts produce the same eurrent erest factor? 
We are certain tha‘ all of these variables occur but that 
most users are not in a position to test and evaluate them. 
It is the purpose of our paper to contribute toward this end. 

We have not limited our paper to discussion of street 
lighting problems only. It is true that the indoor lag-lead 
ballast is rarely used for street lighting because of different 
operating conditions, but it was used as a control ballast 
beeause it is the most common ballast used for general 
lighting. At the present time, there are about three to four 
times as many mercury lamps used for industrial lighting as 
for street lighting. It is for this reason that we chose the 
lag ballast as our control. It is true that the high power 
factor high reactance outdoor ballast is most commonly 
used for street lighting. As stated previously, a good design 
of this ballast will have a lamp current crest factor no 
higher than a good design of the lead-lag ballast. Changes 
in primary voltage will affect lamp operation differently, of 
course, on the high reactance ballast in comparison with the 
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lead-lag. However. the behavior of this ballast will fall 
somewhere between the lead and the lag circuits, and we 
believe that the effect of high current crest factor will be 
just as damaging in a poor design of the high reactance 
type as in the poor design of any other type of ballast. 

Mr. Hjermstadt states that a constant wattage ballast 
having a crest factor of 2.1 is not realistic. When our tests 
were started, constant wattage ballasts obtainable cn the 
open market were used and the crest factor measured on 
these ballasts was as reported in our paper — 2.1 for nor 
mal operation, and even higher during lamp starting. One 
cause of the disagreement of the value of lamp current crest 
factor might possibly be our measuring technique. We 
actually used three methods, all of which agreed closely. 
The first was that employing a meter reading peak current 
values combined with a meter reading the rms value. The 
second method used an oscilloscope which was calibrated so 
that the ratio of peak to rms could be obtained. The third 
method involved a magnetie oscillograph having a frequen 
ey response flat to 5000 cycles per second. The peak to rms 
ratio was obtained graphically from traces of lamp currents. 
This method would not usually be used because of the 
labor involved. Since all three of these methods agree that 
the value should be 2.1 within 10 per cent, there is no 
doubt that the ballast tested had this ratio. We would hope 
that if Mr. Hjermstadt measured the crest factor on these 
same ballasts, then the results would be the same. We are 
eurious to know what method Mr. Hjermstadt uses in 
measuring lamp current crest factor. As we stated before, 
we believe that there should be an industry standard for 
measuring current crest factor for mercury lamps as there 
is for fluorescent lamps. 

Mr. Hjermstadt shows pictures of two EH-1 lamps that 
have operated over 11,000 hours, one on a high power 
factor high reactance ballast and the other on a constant 


wattage ballast. Evidence based on only two lamps after 


this number of burning hours is worthless because of the , 


tremendously wide variation in output in mercury lamps 
after long hours of burning. A repeat test of this type could 
very easily show a reversal. In our own tests where a total 
of 26 lamps were used and which were carefully photome 
tered at many intervals during lamp life, we consider our 
curves to be only indicative of lamp performance and 
certainly not conclusive enough to establish numerical 
differences. The important data that Mr. Hjermstadt should 
furnish is a lumen maintenance curve from 0 to 6000 hours 
with several photometry intervals. Photometry should be 
done in a ealibrated sphere. Mercury lamps will burn well 
beyond their economic life and the lamps that Mr. Hjerm 
stadt has pictured should have been removed many thousand 
hours previously. Proper life testing of lamps is a very 
long and expensive process, and we realize that ballast 
manufacturers cannot always be equipped with the best 
photometry methods. We are certain, however, that visual 
inspection of lamps is not a substitute for accurate pho 
tometry and should not be used as the basis for designing 
ballasts. 

Mr. Hjermstadt lists many items which he considers to be 
advantages of the constant wattage type of circuit. We 
certainly agree with him that this general type of circuit 
does have many operating advantages. The most important 
of these are the elimination of primary voltage taps and the 
comparative lamp stability due to dips in the primary line 
voltage as well as low inrush current and low primary cur- 
rent if a lamp is out. It also maintains a very uniform 
wattage and lumen output with respect to changes in pri- 


Mercury Lamp Performance—Noel-Martt 529 


TT TOT + 
| 
4 
i; 
~ 


mary voltage. As we have pointed out in our paper, how 
ever, it is not strictly constant wattage with respect to 
different lamp voltages. Lamp wattage and lumen output 
will vary somewhat from lamp to lamp. He states that this 
type of ballast also gives a slow lamp warmup time. Here 
again, careful measurements are necessary under specified 
conditions. However, we have found that most of the con 
stant watttage ballasts on the market today are very satis 
factory with regard to lamp warmup in a fixture at low 
ambient temperatures. We do not understand why Mr. 
Hjermstadt states that approximately 1% to 2 times the 
length of time is required for warmup on these ballasts. 
We have found that warmup time is nearly that for the lag 
ballast. 

He states that low starting current or surge currents due 
to rectification cannot take place. In his Fig. E, he shows 
oscillograms of lamp and line currents during the first 60 
or so cycles of lamp starting. We agree that the curves 
shown for the conventional lag ballast are nearly the same 
as we have found and are as found in our Fig. 5. His curves 
for the constant wattage ballast show very smooth starting 
compared to the lag type ballast. Actually, his curves are 
misleading in this respect. The amplitude and time scales 
are too small to show details of the wave form of the lamp 
We have found that if the lamp 


examined in detail during the 


eurrent during starting. 
current wave shapes are 
stabilization period on a constant wattage type ballast it 
will be found that the lamp currents are extremely peaked, 
and in many cases the lamp current does not seem to flow 
during half cycles. This spiked wave has an effect that can 
be heard as a ringing sound in the lamp during the first few 
of starting. We believe that this wave shape as 
5 can and does cause as much lamp end 


seconds 
shown in our Fig 
blackening as lamp rectification in other types of ballasts. 

Mr. Hiermstadt has made the statement that excellent 
lamp life is obtained on a constant wattage ballast and that 
many lamps are operating from 10 to 15 thousand hours. 
This may well be true, but the long life is not nearly so 
much a function of the ballast design, as it is of lamp 
design, and he fails to state that the light being obtained 
from lamps of this long life is in many eases as little as 
10 per cent of the original output; hence, merely to say 
that long lamp life is an advantage on a certain type of 
ballast is to leave out the important thing that a lamp user 
buys —- the mean lumens obtained from the lamp during its 
life. 

In regard to recent designs of the constant wattage bal 
last that have allegedly brought a low wattage lamp up 
in wattage and the high wattage lamps down, we believe 
that this is commendable if it is done without sacrifice 
to lamp operation in some other manner. We would be very 
interested to see data on lamp performance with respect to 
changes in lamp voltage on this design. 

It may well be that the engineering features on this con 
stant wattage or regulating type ballast will make it more 
desirable for many applications than the lag ballast. We 
only hope that the designer of this type of ballast will con 
sider the lamp maker’s problem and will remember that 
lamps are purchased to produce light and that the ballast 
that operates them must not only be convenient to use, but 
will be compatible with the aims of producing the best light 
ourput. 

In regard to Mr. Hjermstadt’s specific questions, we 
recommend a maximum current crest factor of 1.7 for both 
the E 1 and the A 1 lamps. We have tested the A 1 lamp 
under conditions similar to those shown in our paper with 
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respect to operation on different ballasts, operating posi- 


tions, and changes in primary voltage. Except for the use 
of a deflecting magnet on the A 1 lamp, the graphs will be 
about the same as those shown for the E 1 lamp. We have 
not, however, sufficiently life-tested the A 1 lamp on high 
erest factor ballasts. 

The statement that 26 lamps were tested on 20 ballasts is 
not a typographical error. We naturally reuse the ballasts 
that we have. Most of the lamps tested were not chosen for 
eenter voltage. 

The control ballasts used were the 89G15 manufactured 
by our own company. We are not free to give the name of 
the company which manufactured the ballasts having a 2.1 
peak to rms ratio. 

We agree with Mr. Feinberg that the so-called constant 
wattage ballast can be designed with a reasonable peak-to- 
rms ratio and our own company is now producing such a 
ballast. Other ballast manufacturers have also stated that 
they either have at present or are working on a ballast of 
this type having a low crest factor. We believe that these 
efforts are commendable and will result in more light to 
the lamp user. 

In regard to Mr. Harris’s comments, we have shown in our 
paper the number of lamps that were tested. We would, of 
course, have liked to have tested a larger number of lamps, 
but the testing of a large number of lamps is very expen 
sive. Often more than a year is required to complete a 
single life test. The data that we present with respect to 
life testing on the high crest factor ballast intended only 
to indicate a trend and not to supply absolute figures for 
comparison. We believe, however, that the trend was so 
definite to allow us to make preliminary conclusions, and our 
repeat test, which at present is out to 4000 hours, is showing 
substantially the same results. See Fig. 7. We wish to call 
attention to this trend so that ballast manufacturers could 
try to correct it. 

We agree with Mr. Harris that lamp currents can exceed 
by more than 50 per cent the normal operating current if 
the lamps rectify, and our paper is in error on this figure. 
A maximum value of peak currents that we have found have 
been 500 per cent of the peak value of norma! 
rent and this higher value was found on lamps which had 
deactivated to represent the 
worst possible condition that could be found in the field. 
The amount of rectification will depend not only upon the 
ballast design, but also upon lamp design, and since the 
same lamp will never repeat from start to start, only a 
We agree that 


operating cur- 


one electrode intentionally 


large number of tests will be significant. 
there should be some maximum set on the amount of recti- 
fication allowable, and we understand that an ASA Commit- 
tee is now working on this problem. 

Since the spread in lamp voltage is a statistical quantity, 
it is true that most of the lamps will fall within plus or 
minus 10 voltage range. However, our measurements of our 
own and of competitors’ lamps show that some lamps of all 
manufacturers reach the voltage limit. For this reason, 
there are some lamps which on a constant wattage type 
ballast will be operated at considerably over or under the 
average wattage. Since mereury lamps are expensive and 
since proper operation is expected of all lamps, the lamps 
on the end of the voltage range cannot be 
ignored; and for this reason our tests include data covering 
the entire voltage range. This will not be a problem with 
the. lag ballast which has the desirable property of supply 
rated watts and lumens over the entire voltage range. 

In regard to the use of hard glass outer jackets which 


tolerance 
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during lamp life evolves hydrogen that causes hard starting, 
this effect has been overcome by the proper use of getters 
in the outer jacket, and also by changing to soft glass oufer 
jackets. The soft glass jacket does not evolve hydrogen at 
a rate high enough to affect lamp operation during the life 
of the lamp. However, the early lamps made with lime 
glass did develop a crazing condition on the glass bulb, and 
we are happy to say that this condition has also been cor- 
rected. 

When Dr. Rost speaks of the lamp impedance, we believe 
that he actually means the impedance of an equivalent 
circuit. Due to the nature of a gas discharge, a subject 
beyond the scope of this reply, it is incorrect to speak of 
lamp impedance. The reasons are, first, that the electrical 
properties of the lamp depend upon the type of ballast 
used, whether a resistance, inductance, or capacitance. And 
second, the relation between the lamp voltage and lamp cur- 
rent are non-linear. These two factors make it impossible 
to speak of a value of lamp impedance. It is possible, how 
ever, to simulate gas discharge characteristics by means of 
an equivalent circuit which usually consists of a resistance 
or somewhat more accurately, a resistance in series with 
some inductive reactance. It is possible to speak of the 
impedance of this equivalent circuit, but it is not correct to 
correlate any part of that circuit with the mechanism of the 
gas discharge. An excellent discussion, by the way, of 
discharge equivalent circuits has been written by C. Zwikker: 
“The Equivalent Circuit of a Gas Discharge Lamp,” Philips 
Technical Review, Vol. 15, No. 6, pp. 161-168. It is the 
impedance of the equivalent cireuit that Dr. Rost apparently 
means. 

In answer to Dr. Rost’s specific questions, the scales. in 
Fig. 5 are the same for both types of ballasts. The open 
circuit voltages of the two ballasts have already been dis 
cussed. The primary voltage was 115 volts for both ballasts 
with the 115-volt tap being used on the lag ballast, while 
the primary rating of the constant wattage ballast was 100 
volts to 130 volts. 

In answer to Mr. Burns’ question in regard to whether 
the crest factor of the current is more important during 
starting than during operating, we do not have specific 
data and can only reply that it is important in both cases 
and would depend upon the number of starts the lamps 
receive during their life. Until American Standard specifi- 
cations are written, we are recommending a maximum cur 
rent crest factor of 1.7 for both starting and operating 


conditions. 


We feel to some extent Mr. Clark has misinterpreted the 
purposes of our paper. It is true, as he points out, that 
changes in primary voltage will greatly affect lamp opera- 
tion depending upon the type of ballast used. We feel that 
it is the purpose of the lamp manufacturers to show how, 
with the different types of ballasts, lamp operation can be 
affected if these variables occur. It is outside the realm of 
the lamp manufacturer to control the conditions under which 
his lamps are operated, and we can only point out how Vari- 
ous conditions affect our lamps. Once this information is 
published, then the user will be able to determine whether 
or not the lamps are being properly operated. 

We are glad to know of Mr. Wyatt’s experience with the 
life of mereury lamps on constant wattage ballasts. We 
too have found that mereury lamp life does not seem to be 
shortened by this type of ballast. In regard to lumen 
maintenance, we would like to point out that we believe that 
mereury lamps should be photometered under the most 
careful and accurate conditions possible. Before we add 
Mr. Wyatt’s lumen maintenance to our data, we would like 
to know by what method he photometered the lamps and in 
what intervals the lamps were photometered. 

As stated in our reply to Mr. Clark’s discussion, we can- 
not run our life tests with varying supply voltages because 
by doing so we would introduce a new variable in the test, 
and we would be unable to determine whether the varying 
line voltage or the type of ballast was producing the life 
results. We do agree, however, that service tests are very 
important, and these can always be used to supplement con- 
trolled life tests. 

In answer to Mr. Till’s question regarding our testing of 
ballasts having crest factors between 1.7 and 2.1, we have 
not done this although we agree that such data would be 
very desirable. It is impossible for us to say quantitively 
how much better a ballast having a lamp current crest 
factor of 1.7 is than one having a value of 1.85. On the 
basis of our testing so far, we would say that the closer the 
lamp current wave shape approaches a sine wave the better 
will be the lamp performance. We realize that the ballast 
and lamp manufacturers will have to compromise at some 
value higher than 1.41, and we believe that this is properly 
the subject of an ASA Committee. Until such a committee 
makes a recommendation, we are suggesting a limit of 1.7 
for best lamp performance. 

Mr. Kronmiller’s questions have been answered in the 
general statements made at the beginning of this reply. 
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Effects of Nearby Walks and Concrete Areas 
On Indoor Natural Lighting 


By BOB H. REED 


Wr THE RECENT comple Walks and terraces of concrete or similar highly reflective 
tion of a new and larger model testing materials are, as a rule, most beneficial to indoor lighting if 
laboratory’ and the development « they are located no closer than 10 feet from the building and 


suitable testing methods* at the Texas: no farther away from it than 40 feet. 
Engineering Experiment Station, it 
has become feasible to extend earlier 


studies of building shapes* to include a 
substantial investigation of the land for floor, walls, and ceiling respeective- were used. This was to determine if 
scape environment. In this investiga- ly were used in the workroom model. there would be any substantial differ- 
tion of the landseape, as explained in The model was fixed in position adja- ence in the effects of the concrete areas 
a previous writing from the Texas cent to and facing a 100-foot-deep being studied as a result of these 
Engineering Experiment Station,? a model terrain which was divided into  fenestration-overhang combinations. 
building and its immediate outdoor 10-foot increments. A basic terrain A complete set of tests (29 tests in 
surroundings are considered a single with a reflection factor of 6 per cent, all) consisted of a “0” or reference 
representing dark green grass, was test, using only the basic green grass 


used. All model work was done at a terrain, and 28 other tests involving 
scale of 34” co. different amounts of concrete at dif- 


design unit from a lighting point of 
view, which may include an almost 


unlimited number of potential vari 

pas The semaine fere s. See Chart. 
ables The sky is considered the sole fhe workroom model remained un : rom location - Key hart 
source of illumination (apart from the changed throughout a complete of 
ground, which is considered a design tests. However, four different combi- separate series, one dealing with the 
nations of fenestration and overhang addition and subtraction of concrete 
variable —a reflective surface). It is - 


standardized by means of the artificial 
sky." 

With the sole source of illumination : BASIC TERRAIN-100 FEET OF DARK GREEN GRASS—6% RF SITUATION 
standardized and held constant under — 


the artificial sky, any one or more de- , , 100° 


sign variables in a building or land- 
scape may be studied independently of 


all others by means of seale models. 


This article covers the first of a 


series of studies of the effects of land- 


seape elements and nearby structures 


on natural lighting within buildings 


and deals specifically with walks and 


other conerete areas near them. The 


SERIES A 


items to be studied in forthcoming 


work include trees, hedges, screens, 


IN 10 FOOT INCREMENTS 


OF CONCRETE (60% R.F.) 


and nearby buildings. 


ADDITION AND SUBTRACTION 


Procedure 


A typieal one-story workroom (a 


school classroom or office for example) 
was used in this study as a reference 
structure in which illumination meas- 


urements were made. The typical work- 
room was considered to be 24 feet 
wide, 30 feet long, and 12 feet high 
from floor to ceiling Typical reflec- 


CONCRETE WALK IN 
10 FOOT INCREMENTS 


tion factors of 40, 60, and 80 per cent 


RELOCATION OF iO FOOT 


SERIES B 


AvuTHor: Associate Research Architect, Texas 


Engineering Experiment Station, Texas A. & 
M. College System, College Station, Texas Key Chart 
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in 10-foot increments, and the other 
dealing with the relocation of a 10-foot 
concrete walks in 10-foot increments. 
See Key Chart. 

For each test a set of 6 illumination 
readings were taken inside the model 
as shown on various diagrams in this 
report. By comparing these illumina- 
tion readings for any test (from 1-28) 
with those of test 0, it is possible to 
ascertain increases in level, changes in 
distribution, and changes in brightness 
as a result of the addition of concrete 
areas to the basic terrain. 


Results 


Tables I-IV 
lected for 


data col- 
fenestration- 


overhang combinations and an analysis 


contain the 
each of the 


of the comparisons of the tests. The 
top row of numerals (for situation 0) 
under the ecruss section diagram are 
adjusted values on the 
basis of an overcast sky of such inten- 


footcandles 


sity as to produce an unobstructed ver- 
tical surface (F£,)* level of 500 foot- 
candles, not including light reflected 
The 


columns 


remainder of 
under the 
cross section diagram (situation 1-28) 


from the ground. 
the numerals in 


increases in 
The bold 


increases 


are calculated per cent 


intensity over situation 0. 


numerals indicate maximum 


for each situation. This is to show 


when maximum increase occurs far- 
thest from the window, thereby pro- 
ducing minimum diversity. Diversity 


ratios for each situation were calcu- 
lated by dividing the level at position 
1 by that 
ratios for 
lated 


highest brightness to the lowest task 


at position 6. Brightness 


each situation were caleu- 


and represent the ratio of the 
brightness. The highest brightness was 
taken to be the sky as seen through 
open windows and was given an as- 
1000 footlamberts, a 
value frequently assumed in conjune- 


sumed value of 


tion with a vertical surface illumina- 
tion of 500 footcandles. This assumes 
the use of window sill arrangements 
which shield from view brightly, sun- 
colored 
areas of terrain which might be bright- 
er than the sky. The task 
brightness was calculated by multiply- 
ing the lowest footeandle value (posi- 


lit conerete and other light 


lowest 


tion No. 6) by an assumed task reflee- 
tion factor of 80 per cent. 

An analysis of the comparison of 
the tests appears in the right-hand 
column of each of the four tables 
showing for Series A: 
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(1) Situation at which maximum 
possible increase in intensity occurs 
(this is always situation No. 10— 100 
feet of concrete — see Key Chart). 

(2) Situation at which maximum 


Q FOOTCANOLE VALUES 
=500 F.C) 


90% OF MAXIMUM 
INCREASE 


MAXIMUM INCREASE 


increase is first attained. 
(3) Situation at which 90 per cent 


of maximum increase is attained. 
(4) Situation at which minimum 
brightness ratio occurs. 
(5) Situation at which minimum 
424 
424 | | | MIN. BRIGHTNESS RATIO 
a2 99 32 || <> MAX. POSSIBLE INCREASE 
4.45 
ase + + + tt 
5.9 
58.4 5.37 
60.7 5.58 
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SEE KEY BOLD 


art NUMERALS Niwa 
Discussion Table HI 
A comparison of the four tables will 
quickly reveal that all four fenestra- 
tion-overhang arrangements were very 


diversity ratio occurs. 
And for Series B: 
(1) Situation at which maximum 


increase in illumination oceurs at all 
or most positions. 

(2) Situation at which minimum 
brightness ratio occurs. 

(3) Situation at which minimum 
diversity ratio occurs. 

(4) Situation at which optimum 
combined conditions occur (substantial 
increase in illumination, minimum or 
near minimum brightness and diversity 
ratios). 

It will be noticed that maximum illu- 


mination increase and minimum bright- 


¢— SERIES 8 senies A —____» 


ness and diversity ratios seldom oc- 


BOLD NUMERALS INDICATE waxiwa 


similar in their utilization of the light 
reflected into the classroom by the con- 
erete areas. Therefore, a complete 
discussion of the results of Table I 


36 || Q FOOTCANOLE VALUES 
(E, =500 FC) 


| | 590% OF MAXIMUM 
INCREASE 


only follows with reference made to 
the other tables. Concerning Series A: | | 
139 «142 159 
147 148) «(166 
126 | 152) 1S! | 169 | 
(29 | 154] 152) 170 163 | 169 MAXIMUM INCREASE 
133 156 153. 170. | BRIGHTNESS RATIO 
| 156) 153 | 170 163 | 169 | MAX. POSSIBLE INCREASE 


(1) Maximum possible illumination 
increase always occurred at situation 
10 (maximum addition of concrete — | 
100 feet). 


2) Maximum increase was first at- 


tained at about situation 6 (60 feet of 


concrete added) for most positions. HI 
Beyond this distance, no additional il- eee 
lumination increase was realized by the 
addition of more concrete area. This 
distance showed a tendency to shift 
farther out to about 70 to 80 feet in 
the cases employing overhangs. See 
Tables II and IV. 


(3) Ninety per cent of maximum 


colons 


increase was attained for most posi- 
tions at about situation 4 (40 feet of 
concrete added). This distance showed 


+ 


~MIN. DIVERSITY RATIO 
( SUBSTANTIAL INCREASE 
| LOW DIVERSITY RATIO 
| LOW BRIGHTNESS RATIO 


MAXIMUM INCREASE, 
MIN. BRIGHTNESS RATIO 


a tendency to shift somewhat closer 


to the building at about situation 3 | 
30 feet of concrete in eases employ- SITUATION BRIGHTNESS DIVERSITY ||\% INCREASE OVER SITUATION NO.O 


| NUMBER | RATIO RATIO || 
cut-off). Table IV 
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Figure 1. Ulumination levels plotted 
for situations 10, 4, 11 and 0. 


(4) 


course, occurred simultaneously with a 


Minimum brightness ratio, of 


maximum illumination inerease at 
position 6 in the classroom. In Table 
I it with 6-10. In 
other tables it is similar, occurring 
with situations 7-10 or 8-10. 

(5) Minimum 


curred at situation 11. 


occurs situations 


diversity ratio oc- 
The removal of 
the first strip of concrete nearest the 
light- 


decreasing effect on positions near the 


building had a much greater 


windows than on positions remote 
from the windows which resulted in a 
lower diversity ratio. This can be seen 
more clearly in Fig. 1 on which foot- 
candle curves are plotted for situations 
10, 4, 11 and 0. 

The 
ratio is similar in other tables (situa- 
tion 11 or 12) with exception of Table 
III in which it oecurred simultaneously 
with the point of minimum brightness 


ratio (situations 7-10). 


point of minimum diversity 


Concerning Series B: 
(1) Maximum 
most positions occurred at situation 28 


inerease at all or 


(10-foot strip of concrete adjacent to 
the building) in all four tables. 

(2) 
minimum diversity ratio, however, oc- 
with variations 


Minimum brightness ratio and 
eurred at situation 27 
from situations 26-28 in other tables. 

(3) 
(substantial increase in illumination at 
most points, plus minimum or near 


Optimum combined conditions 


minimum brightness and diversity ra- 
tios) seemed to oceur at situation 27 
in all four tables. 

This can be seen more clearly in Fig. 
2, on which are plotted footcandle 
eurves for 27, 28 and 0. 
Notice that curves 27 and 28 show sub- 
stantially the same effect at position 6 
while showing widely different effects 


situations 


at position 1. 

The sketches accompanying Fig. 2 
show how the first strip of concrete 
adjacent to the building (situation 28) 
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Figure 2. Illumination levels plotted for situations 27, 38 and 0. Drawings at 
right show situation 27 at top and situation 28 below. 


contributes its maximum effect at posi- 
tions near the windows, while concrete 
strips farther from the building (situ- 
ation 27) contribute maximum effects 
at positions remote from the windows. 
This explains the difference in diver- 
sity ratios. 

Fig. 3 the 
sketches show why this effect of chang- 


and accompanying 
ing the diversity ratio is not as great 
The 
hang apparently reflects ground light 


when using an overhang. over- 
coming from areas farther from the 
building to positions near the windows, 
preventing such a large change in di- 
versity 28 to 


It should be pointed out, 


ratios from situation 


27. 


situation 
however, that the classroom with the 
overhang has a lower diversity ratio 
in any case because of the effect of the 
overhang on direct sky light entering 
the It reduces direct sky 
light a greater proportion at positions 


windows. 


near the windows than it does at posi- 
the windows, 
thereby resulting in a lower diversity 
ratio than the same classroom without 


tions removed from 


the overhang although the levels are 
somewhat lower. 


Conclusions 


It is felt that several useful conelu- 
sions can be generalized as a result of 
this study. They are as follows: 


(1) Conerete walk and terrace loca- 


Figure 3. 


tions will have a pronounced effect on 
the quantity and distribution of nat- 
ural light in a building, in many in- 
stances improving it. 

(2) Substantial improvement in 
both quantity and distribution, and 
therefore in brightness ratios, can be 
realized with optimum location of con- 
erete areas. 

(3) Substantial and useful increases 
in natural illumination within a build- 
ing may be gained from highly reflec- 
tive terrain in somewhat limited areas 
beyond the building. 

(a) Virtually no gain in quantity 
of natural light is realized by using 
highly reflective surfaces beyond 60- 
70 feet from a one-story building. 

(b) 


gain is realized by the use of such 


Furthermore, only negligible 


surfaces beyond approximately 40 
feet from the building. (Ninety per 
cent of the quantity gained with the 
use of 60 or even 100 feet of highly 
reflective surface is gained within 
the first 40 feet beyond the build- 
ings.) 


Quantity gains and brightness ratio 
improvements remain substantial, and 
diversity ratios are improved consider- 
ably when the first 10 feet or so adja- 
cent to the building is not treated with 
a highly reflective surface since this 
area tends to have maximum effect on 
positions in the building nearest the 


J 


Effect of changing diversity ratio is not as great when using an 


overhang. Drawings at right show situation 27 at top and situation 28 below. 
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windows. This would seem to suggest (b) The farther the walk is from 


that large areas of concrete or other 
highly reflective surfaces such as ter- 
races should not be directly adjacent 
to the building (preferably at least 10 (e) 
feet away) for optimum effects on 
natural lighting but should be ineluded 
within the first 40 feet. 


within the first 30 feet for optimum 


(4) Optimum location of a typical 
10-foot concrete walk can be general- 


ized as follows: 
be a terrace. 


(a) The closer the walk is to the (5) 
building, the greater the average 
quantity gain will be inside the 
building, but the greater the diver- 


sity ratio will be. 


St. Roch Parish Church in Quebec, Que., has Renaissance 


architecture, with a Roman vault, Greck center transept, and 


Gothie influence in the columns, groining and cross-ri!bing. In 
the design of the re-lighting system, a prototype was found 
in an installation at St. Sacrament Church, where a lighting 


system was integrated with the architecture. Church renova 


the building, the lower the diversity 
ratio will be but the lower the quan- 
tity gain will be. 

The walk, as with a terrace 
should not be directly adjacent to 
the building (preferably at least 10 
feet away) but should be included _!. 


effects on natural lighting since it 


Generally, light reflected from 
that area of terrain approximately 10 
to 40 feet from a one-story building 
makes an important contribution to 
positions inside the building farthest 


from the windows. Light reflected 
from that area of terrain directly ad- 
jacent to the building (approximately 
10 feet) contributes mostly to posi- 
tions near the windows. 
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Lighting Compatible with Architecture 
For Now and the Future 


tors Barsetti et Frére, electrical contractor Marcel Lapointe, 
and the Canon of St. Roch visited St. Sacrament, and decided 
upon a similar system, with these conditions: (1) retention 
of the existing ornamental lanterns and integration of the 
lighting with them; (2) a somewhat higher illumination level 
than the 11 ft-e in St. Sacrament; (3) 


the lanterns in the future, at minimum expense. 


provision for replacing 


First on the program was a complete overhaul of the lan- 
terns — glass washed, reflectors and lamps replaced. This 
raised the average illumination from 1.2 ft-e to 4.2 ft-c. The 
sixteen lanterns, mounted at a height of 30 feet in the 65-foot 
ceiling, use one 150-watt lamp and eight 60-watt lamps each. 

The new lighting system (shown at left, with lanterns 
turned off) consists of flush-mounted, top-servicing, prismatic 
reflector-lens luminaires, arranged in the vault of the ceiling 
to provide sufficient coverage of illumination and to allow 
replacement of the lanterns in the future without change in 
the present installation. A total of 115 units, using 300 
and 200-watt lamps, are located in chancel, nave, transepts 
under balconies, and in the choir and organ loft. When the 
lanterns are replaced, 32 more recessed units will provide, 
with the present installation, the same illumination level. The 
recessed fixtures provide average level of 8.4 ft-c, making, 
together with the lanterns, a total of nearly 13 ft-e. 

Altar lighting was designed by M. Lapointe who specified 
PAR 38 lamps in swivel holders. 

Reflectances in the church are: ivory ceiling and walls, 
60% ; pews, 10%; floor, 65%. 

This installation was entered by H. John Ward, of the 
Holophane Co., Ltd., Montreal, in the Montreal Section’s 
1956 contest for My Most Interesting Lighting Job; and also 
won third prize for Valére Marcoux, Northern Electrie Co., 
in the Quebee Chapter’s 1956 MMILJ contest. 
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To Visual Discomfort 


| = HAS a way of producing com- 
fortable lighting. The source is high out of the 
field of view. The diffusion is good with a great 
luminous vault of blue sky to soften the shadows 
and reduce the contrast. However, nature at times 
has uncomfortable lighting too. The sun is low, 
the sand is too bright, the water is a sheet of flame, 
the snow dazzles. Man ducks his head down, 
squints his eyes, tears flow, and he peeks out of a 
nearly closed eye. 

Man’s lighting has often been uncomfortable 
also. How real is this feeling of discomfort? This 
study was undertaken in order to help pin down 
this feeling and add to man’s knowledge of discom- 
fort glare, which ultimately will help lighting de- 
signers limit the brightness of luminaires and day- 
lighting fenestration to produce comfortable light- 
ing installations. We have investigated the role 
played by the constriction of the pupil of the 
human eye associated with brief exposures of light 
in producing discomfort. This has certain advan- 
tages over using continuous exposure : 


1. The results can be correlated with the subjective data 
which have already been made available. 

2. The pupillary response to brief exposures of light can 
be evaluated in terms of changes in pupil size. In the 
case of steady stimulation one can measure only the 
absolute size of the pupil and since this is determined 
by so many factors it would be difficult to correlate ab 
solute size with the experience of discomfort. For exam- 
ple, the actions of the sphincter and the dilator fibers 
(which control the closing and opening of the iris) 
oppose each other and the size of the pupil is not there- 
fore a measure of the amount of tension in the iris. In 
the case of a continuous exposure and a non-uniform 
distribution of light on the retina, an eye movement 
would produce a shift of the distribution of light on the 
retina and this would affect in a complicated way the 
output of nerve impulses to the iris. 

3. The use of brief exposures of light permits the measure- 
ment of blink reaction times and, as will be obvious 
later, this information is more useful than the blink 
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Relation of Changes in 


Pupil Size Related to Visual Discomfort—Fugate-Fry 


Pupil Size 


By JACK M. FUGATE 
GLENN A. FRY 


rate which is the only thing that can be measured with 


steady exposure. 


The test apparatus has been designed to present 
various light stimuli to the left eye while the right 
eye is kept in darkness. At the same time provision 
has been made for recording the changes in the 
consensual pupillary responses of the right eye by 
means of infrared photography. This arrangement 
prevents interference between the stimulating and 
the recording equipment. The consensual response 
in the right eye parallels the direct response in the 
left eye so that a record of either one is adequate 
for the purpose of this investigation. This setup is 
shown in Figs. 1 and 2 and described in detail in 
Appendix A. 

The stimuli used in this study were in the form 
of a momentarily exposed round area of brightness 
against an illuminated background. As shown in 
Fig. 3 the stimuli presented to the left eye include 
a disk-shaped adaptation field 51 degrees in diame- 
ter which is exposed continuously, and a one- 
second momentary stimulus which is superimposed 
on the adaptation stimulus and centered with re- 
spect to it. 

By varying the brightness of a brief exposure of 
light, presented in the form of a small disk on a 
less bright background, one can determine the 
borderline between comfort and discomfort (BCD). 
Luckiesh and Guth have done this for momentary 
stimuli of various sizes and for various background 
brightnesses. 

A limited number of measurements of this sort 
have been made in the present investigation. The 
BCD levels found in the present study are slightly 
higher than those found by Luckiesh and Guth, but 
this can be accounted for in part by the fact that 
in our study the stimuli were presented to one eye. 
Also, the criteria used by our subjects may have 
differed from those used by the subjects of Luckiesh 
and Guth. The detailed procedure followed to 
obtain the pupillary responses to brief exposures of 
light of various sizes and brightnesses presented 
on backgrounds of different brightnesses are de- 
scribed in Appendix B. 

The results show that the BCD level is three or 
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more log units above the threshold of the pupillary 


response and at the BCD level the pupil undergoes 
a constriction of the order of 1.4mm. The actual 
amount of pupillary constriction at the BCD level 
varies with the size of the momentary stimulus. 

This faet probably means that the distribution of 
the activity among the motor units of the sphincter 
muscle which controls the closing of the iris varies 
with the distribution of the light on the retina, and 
that one type of distribution may be more effective 
than another in producing discomfort, even though 
the amount of the constriction may be the same in 
both eases. This possibility will have to be explored 
in subsequent research. 

Paralysis of the iris of one eye by means of the 
drug homatropine produced no significant change 
in the BCD level of the other eye, but paralysis 
of both irises at the same time greatly increased 
the threshold of discomfort in all but one of the 
subjects. These facts indicate that in these cases the 
contraction of the iris is one of the factors con- 
tributing to discomfort. Homatropine also paralyzes 
the ciliary muscle which controls the crystalline 
lens of the eye, but since the stimulus to aecommo- 
dation was kept constant at infinity, the fact that 
the ciliary muscle was paralyzed is of no impor- 
tance in interpreting the results of this experi- 
ment. 

All of the subjects found it quite intolerable 
under paralysis of both irises to walk out into the 
open and face the sky. The subjective experience 
encountered in this situation is characterized by 
tenseness and an uncontrollable desire to blink. It 
differs from the type of discomfort encountered at 
the BCD level when the irises are normal. 

An analysis of the objective responses to brief 
exposures of light encountered at different bright- 
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Figure 1. Photograph of test 

apparatus. 
1—Momentary stimulus B. 
2—Desk with detents and apertures 
controlling diameter of momen- 
tary stimulus. 
3—Neutral density filter controlling 
brightness of momentary stimu- 
lus. 
4—Adapting stimulus source A. 
5—Fixation point source. 
6—Camera for recording changes in 
pupil diameter. 

7—Shutter. 
8—Head res'. 

9—Eye piece. 
10—Infrared source illuminating iris 
of right eye. 


11—Bite board. 


ness levels also indicates that several types of re- 
sponse mechanisms are operating. It has been pos- 
sible to determine a level of brightness which we 
have called the threshold of involuntary blinking, 
(TIB). At this level the subjects find it impossible 
to suppress involuntary blinking. 

The TIB level is affected by paralysis of the 
irises. This proves that in subjects with normal 
irises stimulation of the fifth nerve endings in the 
iris, by constriction of the sphincter muscle of the 
iris, contributes to the pool of excitation which 
leads eventually to irrepressible blinking. 


AppeNnpIx A — APPARATUS AND ITs OPERATION 


The apparatus is illustrated schematically by Fig. 2. The 
elements represented by solid lines lie in a horizontal plane 
through the centers of the entrance pupils of the two eyes. 
The elements represented by the dotted lines lie in a plane 
which is rotated 15 degrees downward around the axis zz’ so 
that the mirror M, does not occlude the right eye’s view of 
L,;- 

A photograph of this apparatus is shown in Fig. 1. In 
In order to make the diagram in Fig. 2 conform to Fig. 1, 
all of the elements on the line between S, and L,, should 
be rotated 180 degrees around a point at the center of P. 

The head and eyes of the subject are positioned by means 
of a biting board and a forehead rest (see Fig. 1) so that 
the center of the pupil of the left eye falls at point Z and 
the center of the pupil of the right eye is conjugate with 
A,, M,, Ly, and all of the dotted elements can be dis- 
placed sideways to provide for variation in the interpupil- 
lary distance from subject to subject. 

The eye piece lenses L, and L; permit the left eye to view 
in the focal plane of the eyepiece an image of aperture A, 
formed by the collimating lens L, and objective lens L;; 
and/or an image of A, formed by the collimating lens L,. 
and objective lens L;. In the ease of aperture A,, the light 
is transmitted by the beam splitter P; in the case of A, the 
light is reflected by the hypotenuse of tie beam splitter. 

Aperture A, is one of many apertures that are contained 
in a metal disk which is positioned by a detent. The areas 
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)f these apertures vary in one-half log unit steps. They 
subtend visual angles to the left eye ranging from 1% de- 
grees to 51 degrees. Aperture A, is a fixed aperture and 
subtends a visual angle of 51 degrees. Lenses L, and L. 
form a magnified image of the ribbon filament source S, in 
the plane of A,. This image completely fills the largest 
aperture available. Lens Lg located in the plane of A, 
forms an image of J, in the plane of A, which is located in 
the same plane as Ly. Lenses L;, Lg and L; form an image 
of A, in the plane of the entrance pupil Z. 

The flux density in the focal plane of the eyepiece is 
uniform, but it is not uniform in the entrance pupil of the 
eye. Therefore, in computing retinal illumination (E£) it is 
necessary to base it on the total number of lumens (F) in 
the beam entering the eye and the solid angle (w) sub- 
tended by the image of A, or A, in the focal plane of the 
eyepiece. A troland is the unit of retinal illumination; one 
troland equals 2.5 times the product of the brightness in 
millilamberts and the square of the pupillary diameter 


Figure 3. Stimulus pattern presented 
to the left eye, adapting stimulus A 
and momentary stimulus B. The di- 
ameter of B varied from 1.5° to 51°. 
Fixation and accommodation are con- 
trolled by means of a pair of cross- 


Figure 2. Schematic diagram of test 
apparatus. 


ix’ 


EYEPIECE 


measured in millimeters. When retinal illumination is ex- 
pressed in trolands and solid angle in steradians, 


E=108 F/w. 


Two filter holders are constructed so as to position three 
neutral density filters in front of apertures A, and 4A,. 
Whenever less than three filters are used, an equivalent 
thickness of clear glass with plane faces is put in the filter 
holder in order to keep the distance of the optical path 
constant. These filters may be varied in one-half log unit 
steps. The output of the light source S, can also be varied 
by means of a variac; however, in the present study the 
variac was switched out of the circuit except for the purpose 
of determining the BCD and the TIB. The rotary solenoid 
shutter 7, is positioned immediately behind aperture 4,. 
When activated 7, will rotate so as to allow light from S, 
to pass through A,. The time that 7, is rotated so as to 
allow light to pass through A, is predetermined by means 
of an electronic timer. The rotation of 7, is for all prac- 
tical purposes noiseless and vibrationless. 7, is a spring 
reload type solenoid and automatically resets ftself when 
activation ceases. 

The right and left margins of the iris of the right eye are 
illuminated by a rectangular patch of infrared light, 5mm 
by 11mm, which spans the pupil and which is the image of 
S, formed by condensing lenses L,, and L,, after reflection 
by M,. Fs is an infrared filter. 


Figure 4. Photographic record of a typical pupil response, with the film 


moving one inch per second. 


a — Onset of momentary stimulus. 
b — Cessation of momentary stimulus. 
ec — Blink. 


hairs in the focal plane of the eye- 
piece which intersect at the cenier of 
the adaptation stimulus. 
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An image of the iris with unit magnification is formed 
in the plane of the vertically moving film by collimating 
lens L,,, mirror M,, and eamera lens L,,. A; is a horizon 
tal slit 0.008 inch wide, directly in front of the moving film. 
The image of the entrance pupil is centered on the slit. The 
film travels at a speed of one-quarter inch per second. This 
gives the camera a resolving power of 0.032 second. The 
camera is a modification of an Ophthalmograph which uses 
35mm film. The film used was Eastman Spectroscopic 
safety film Type 1-N. 

Mirror M, is mounted so that it can rotate around a ver- 
tical axis. When shutter 7, is activated the mirror rotates 
slightly and when it is deactivated M, returns to its origi 
nal position, thus accurately marking on the film the begin 
ning and end of the stimulus. The rotation is accomplished 
by modifying a relay so that it will operate as a lever, thus 
supplying the necessary power and synchronization to rotate 
the mirror at the proper time. Fig. 4 is a typical film record 
obtained with the film travelling one inch per second. 


Appenpix B— DeraiLep PROCEDURES AND RESULTS 
Pupillary Responses to Brief Exposures of Light 
of Various Sizes and Brightnesses Presented on 
Backgrounds of Different Brighinesses 


General This part of the procedure was designed to 
provide measurements of pupil responses to brief exposures 


lated with the data obtained 


of light which might be corr 
by Lueckiesh and Guth! on the border line between comfort 
and discomfort, CD The data obtained by Luckiesh 


and Guth showing the relation of the BCD brightness to the 
brightness of the !ackground and the area of the test source 
are shown in Fig. 5 eir results show that for a given 
level of background brightness a given per cent increase 
in brightness of yurce has a greater effect on dis 


comfort than the same per cent increase in area. 


This experiment duplicated in 
Luckiesh and Guth,' but varied 


I rperime ntal Differences 
general, the experim 


as follows: 


~ 


COMFORT ZONE 
| 


| | 
OIRECT LIGHTING 


| OR LUMINOUS CEILING 


| 


SIZE (Q) OF SOURCE (STERADIANS) 


Figure 5. Luckiesh-Guth data for the relationship 

between BCD brightness (B) and size (Q) of a 

momentary stimulus located on the line of sight for 
three surrounding field brightnesses (F). 


BCD BRIGHTNESS (B) OF SOURCE (FOOTLAMBERTS) 
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(1) This experiment is monocular; te., the stimuli are 
presented to the left eye only, and a record is made of the 
pupil response in the opposite eye. 

Luckiesh and Guth made one observation which bears on 
the problem of whether the BCD is higher with one eye open 
than with both eyes open. They did not find any significant 
change in the curves for horizontal displacement of the 
momentary stimulus source from the point of fixation at 
the transition point between binocular and monocular per 
ception of the sources. The actual transition point varied 
from subject to subject, being dependent upon facial con- 
figuration, and ranged from approximately 40 to 50 degrees. 
An examination of individual data revealed no sudden 
change in BCD brightness which could be attributed to this 
factor. This observation appears to be at variance with the 
fact that persons who suffer from high brightness, find some 
relief by closing one eye. 

(2) This experiment used an artificial pupil, the exit 
pupil of our optical system, of approximately 144mm in 
diameter. Since this is smaller than the smallest possible 
pupil diameter, the amount of light entering the eye was 
always the same under a fixed set of experimental conditions 
regardless of the subject’s pupil size. This made it possible 
to make a direct comparison between subjective responses 
with a normal pupil and those with a drugged (paralyzed) 
pupil. 

(3) The adapting stimulus, for this experiment, was 51 
degrees (focused light) in diameter which is about !/, of 
a hemisphere. 

Procedur. For each level of adaptation and for each 
size of the momentary stimulus an attempt was made to 
determine the brightness threshold of the pupillary response 
and to reeord the suprathreshold responses for various 
stimuli in the range between the threshold and at least two 
log units above this threshold. A previous investigation= 
provided the information for determining the range of 
stimuli needed. 

Luckiesh and Guth used three levels of adaptations cor- 
responding to brightnesses of 1, 10, and 100 footlamberts 
viewed with the natural pupils. We aimed to duplicate these 
levels by presenting to the left eye stimuli producing the 
same levels of retinal illumination as was produced on each 
of the retinas in the Luckiesh-Guth experiment. The 
retinal illumination produced by 1, 10 and 100 footlamberts 
in the Luckiesh-Guth experiment were computed as follows: 
From Reeve’s data? it was determined that with both eyes 
open following adaptation to 1, 10 and 100 footlamberts the 
pupil diameters would be 5.0, 4.0 and 2.8mm respectively. 
The following formula was then used for computing the 


equivalent number of trolands: 


E= AB 
where E = retinal illumination in trolands, 
A = area of the pupil in ‘mm?, and 

B = brightness in ¢/m? 


The following values were obtained: 


1 footlambert => 67.25 trolands 
10 footlamberts = 430.3 trolands 
100 footlamberts <> 2,110.4 trolands 


The actual values of retinal illumination for the adapta 
tion stimuli used in our experiment were 71, 450 and 2258 
trolands. Therefore the levels of adaptation used by us are 
nearly equivalent to those used by Luckiesh and Guth. 


Procedure — The following procedure was used in this 
part of the investigation. The subject adapted to the adap- 
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_~ ONSET OF ADAPTATION 
STIMULUS (450 TROLANDS) 


— 


DIAMETER OF PUPIL(mm) 


10 5 20 25 30 35 
TIME IN SECONDS 
Figure 6. Changes in pupil size which occur during 30 
seconds of exposure to an adaptation stimulus. The eye 
was in darkness prior to exposure of the adaptation 

stimulus. 


40 4 


tation stimulus of 71, 450 or 2258 trolands for 30 seconds, 
then a one-second momentary stimulus was presented con- 
centric with the subject’s fixation point in the center of the 
adaptation field; this was followed by a nine-second inter- 
val during which the subject continued to view the adapta- 
tion source and then another one-second flash stimulus fol- 
lowed by a nine-second interva!, and so on until seven mo 
mentary stimuli had been presented. This constituted a run. 

The pupil responses were recorded on a moving film (see 
Fig. 4) as explained in Appendix A. This film was analyzed 
with a Bausch and Lomb magnifier which had a built-in 
scale permitting the diameter of the pupil to be measured to 
the nearest 0.05mm. The magnifier was mounted in a spe- 
cially designed jig. The amount of constriction produced 
by brief exposure of light was determined by measuring the 
initial diameter (approximately 0.2 seconds following the 
onset of the stimulus) and at the peak of the constriction 
and taking the difference between them. 

In case of stimuli in the region of the threshold where a 
response could not be easily identified the diameter was 
arbitrarily measured at a point in the record approximately 
0.9 second following the onset of the momentary stimulus 
in order to obtain a measurement that would correspond 
to the peak of a supra-threshold response. The peak of a 
response just above the threshold occurred at approximately 
0.9 second. 

The pupillary responses to the last five of the seven 
momentary stimuli in each run were measured and averaged. 
Occasionally the response to the second stimulus was in 
cluded, if for one of several reasons, the record of the re 
sponse to one of the last five stimuli could not be used. 

Results — It was found that the pupil did not reach and 
maintain a steady size even after 30 seconds of adaptation 
but continued to fluctuate. These fluctuations, which occur 
during a period of 30 seconds of bright adaptation, are 
illustrated in Fig. 6. Such spontaneous fluctuations in the 
record make it difficult to interpret the records of responses 
to momentary stimuli as illustrated in Fig. 7. 

In addition to the spontaneous fluctuations which have a 
period of the order of one to five seconds and which produce 
unpredictable variations in the initial pupil size from stim- 
ulus to stimulus there were also slow systematic changes in 
the initial pupil size from stimulus to stimulus and run to 
run, as shown in Fig. 8. The average initial pupil size for 
the stimuli in a given run would vary from that for the 
stimuli in another run in the same series of runs as much 
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ONSET OF MOMENTARY STIMULUS 


END OF MOMENTARY STIMULUS 
(ONE SECOND DURATION) 


DIAMETER OF PUPIL (mm) 


5 


25 

TIME IN SECONDS 
Figure 7. Pupillary responses to a series of seven 
momentary stimuli spaced 10 seconds apart. Bright- 
ness of momentary stimulus equals 1000 trolands; 
brightness of adaptation stimulus equals 450 trolands; 

size of momentary stimulus equals 5%°. 


15 


— \ \ 
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ADAPTATION LEVEL = 450 TROLANDS 


1320 


DIAMETER OF PUPIL (mm) 
w 


'2345 6789 ES EI 
TIME IN MINUTES 


Figure 8. Variations in initial pupil diameter from run 

to run and from stimulus to stimulus. The retinal illu- 

mization in trolands for the momentary stimulus during 
each run is indicated on the graph. 


as 144mm to 24mm. These variations in the initial pupil 
size made it necessary to analyze the data in terms of 
changes in pupil size produced by a brief exposure of light 
instead of the absolute values of pupil diameter. The actual 
change in millimeters of pupil diameter produced by a 
momentary stimulus has been used as the measure of pupil- 
lary constriction. 

These fluctuations made it necessary to average the 
results of five successive momentary stimuli in order to 
obtain a representative response to a given stimulus situa- 
tion. In the case of a stimulus in the region of the 
threshold it was possible for one of these spontaneous fluc- 
tuations to make the pupil appear to dilate following a 
brief exposure to light. By averaging algebraically five 
successive stimuli we could determine whether the average 
response was significantly different from zero. 

The data obtained in this phase of our study are shown 
in the upper graphs in Fig. 9. In general, the curves have 
an ogive form. Near the threshold the slope of the curves 
gradually increases but finally becomes constant and re- 
mains constant through at least a three log unit range of 
momentary stimuli intensities, and then decreases again. 
As indicated in previous studies?.4 it finally reaches a 
constant level. 

The levels for the threshold of the pupillary response 
indicated in Fig. 9 can be compared with the BCD levels in 
Fig. 5 for stimuli having the same sizes and background 
brightnesses. The momentary stimuli used in our experi- 
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ADAPTATION LEVEL (TROLANDS) 


2.258 


Figure 9. Pupillary responses pro- 
duced by momentary stimuli of dif- 


TION (mm) 


ferent sizes and brightnesses and at 
different adaptation levels. Each point 
in each of the upper graphs represents 
an average of 25 responses, five for 
each ef five subjects. The curves in 


PILLARY CONSTRIC 


each graph represent different diam- 
eters of the momentary stimuli. The 
straight lines in the lower graphs are 
those which have been fitted to the 
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LOG TROLANDS OF RETINAL ILLUMINATION PRODUCED BY THE MOMENTARY STIMULUS 


TABLE I.—Solid Angles Subtended by the 


Momentary Stimuli. 


Diameter (degrees) Solid Angle (steradians) 
00057 
0074 
055 


623 


5.5, 15 and 51 degrees in diameter, 
The pupil 


ment, which are 1.5, 
subtend solid angles as indicated in Table I. 
sizes for the three adaptation levels (1, 10, and 100 foot 
lamberts) are assumed from Reeve’s data to be 5, 4 and 2.8 
mm and therefore the retinal illumination for the BCD 
brightnesses in Fig. 5 for momentary stimuli of different 
sizes and brightnesses can be computed. These are given 
in Table II. As derived from Fig. 9 and Table II the 
threshold for a pupil response is much below the BCD level. 

The method of least squares has been used to fit a 
straight line to the middle portion of each of the curves in 
each of the upper graphs in Fig. 9. The points used in 
this operation are indicated as open points in the graphs. 
The straight lines thus obtained are presented in the lower 
graphs in Fig. 9. With these graphs it is possible to deter 
mine the brightness of a momentary stimulus required to 
produce a pupil response of a given magnitude when the 
brightne:s of the adaptation stimulus is at either of the 
three levels used. 

Assuming that the borderline between comfort and dis 
comfort is determined by the size of the pupil response, it 
is possible to predict the BCD values from the pupil re 
sponse data by assuming that the borderline between com 
fort and discomfort occurs when the pupil constriction 
reaches a certain magnitude. Each of the four graphs in 
Fig. 10 represents retinal illumination required to produce a 
pupillary constriction of a given fixed magnitude for vari 
ous diameters of momentary stimuli and different adapta 
tion levels. 

In this study as in the previous study the 1.5-degree, 5.5 
degree and 15-degree stimuli have about the same threshold 
as shown in Fig. 9 but the curves diverge as the brightness 
of the stimulus increases. It is this characteristic of the 
data that accounts for the fact that the slopes of the curves 
in the graphs in Fig. 10 vary from graph to graph. The 
general level of brightness values increases, also, as the 
magnitude of the pupillary constriction increases. Included 
in each of the graphs in Fig. 10 is a dotted curve which 
represents the Luckiesh-Guth BCD values for an adaptation 
level of 10 footlamberts (430 trolands). The curve for 450 
trolands in the graph for a pupillary constriction of 0.4mm 
has about the same slope as the Luckiesh-Guth curve, but 
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open points in the upper graphs by 
the method of least squares. 


TABLE Il.—Retinal illumination in trolands produced 
by BCD momentary stimuli of different sizes and 
at different levels of adaptation. The values 
shown have been computed from data 
taken from the graph in Fig. 5. 


Adaptation Level Pupil BCD Levels (trolands) for different 
Diameter sizes of momentary stimuli 
Footiamberts| Trolands (in m.m.) 1.5° 5.5° 15 


10,756 
18,942 
25,308 


1 67.25 5. 
10 430 4 
100 2110. 2.8 


24,203 
43,050 
59.052 


LUCKIES-GUT BCD) 
TNESSES FOR 
430 TROL ANOS 

| ADAPTATION LEVEL 


-2.258 TROLANDS 
450 
a 


Zz 
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= 


PRODUCED BY THE MOMENTARY STIMULUS 
2. 


OO! 


SIZE OF MOMENTARY STIMULUS 
(STERADIANS) 


Figure 10. Retinal illumination required by momentary 
stimuli of different sizes to produce pupillary responses 
of different magnitudes as indicated in the upper right 
hand corner of each graph. The different solid line 
curves in each graph represent different levels of adap- 
tation. The dotted curve in each graph represents the 
Luckiesh-Guth BCD curve for an adaptation level of 
430 trolands. 
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Figure 11. Pupillary diameter of the right eye after 

exposure of the left eye to the adaptation stimulus for 

50 to 90 seconds, The different curves represent differ- 
ent subjects. 


DIAMETER OF PUPIL (mm) 


the brightness level required for this constriction is much 
lower than Luckiesh-Guth BCD level. The trend found in 
the series of graphs indicates that a constriction higher 
than 0.6mm would require a brightness level more in line 
with the Luckiesh-Guth BCD level but the slope of the curve 
would be too steep. 

Note that Luckiesh and Guth used naked eyes, i.¢., with 
out artificial pupils; and consequently during a one-second 
stimulus the pupil will constrict and cut down on the 
amount of light entering the eye. It is estimated that the 
total exposure (retinal illumination x time) for a one 
second stimulus is about one-half what it would be if the 
original size of the pupil were maintained throughout the 
momentary stimulus. If allowance were made for this, the 
Luckiesh-Guth curves in Fig. 10 would be lowered about 
one-third of a log unit. After making this allowance the 
conclusion is that the BCD pupillary constriction is larger 
than 0.6mm and that the BCD pupil constriction is a fune 
tion of size of the stimulus. 

Fig. 11 presents data on pupil sizes for the five subjects 
used in this study, for the three levels of adaptation. Each 
plotted point represents an average of 20 measurements of 
pupil diameter which were made following 50 to 90 seconds 
of adaptation to the adaptation stimulus. 


Words and Phrases Used to Describe the Subjective 
Experiences Associated with Brief Exposures of Light 

General — This phase of the study was concerned with 
the words and phrases which subjects use to describe the 
subjective experiences accompanying brief exposures of 
light. 

Procedure — A definite technique of presenting the mo- 
mentary stimuli was followed. The brightness level of the 
adapting stimulus was kept constant throughout the experi- 
ment at 450 trolands. The subject was exposed to the 
adaptation stimulus 30 seconds (in some instances 60 
seconds) before any momentary stimuli were presented. 
The momentary stimuli were presented in volleys involving 
one second on, one second off, one second on, one second 
off, one second on, and then five seconds off before the next 
volley. Each subject was required to observe a minimum of 
three such volleys before attempting to describe the sub- 
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jective experience. There was no upper limit imposed upon 
the number of volleys permitted“in order for the subject 
to satisfy himself that he could ‘properly identify the ex 
perience. 

The first judgment a subject was required to make in 
volved momentary stimuli at a low brightness level, after 
which the brightness level was varied in steps of one log 
unit. In changing from one brightness level to another, the 
subject was permitted to move his head out of the instru 
ment (see Fig. 1) and a certain period of time was used by 
the subject to describe his experience. During this time the 
overhead lights in the room were turned on. The walls of 
the room were black and had a brightness level less than 
one footlambert which was much lower than the adapting 
stimulus used in the experiment. This interval of time 
permitted an almost complete recovery from the series of 
volleys of momentary stimuli just preceding. 

At the beginning of the experiment, each subject had an 
opportunity to make at least one trial run with the 51- 
degree momentary stimulus, using a series of brightness 
levels. After the trial run or runs, an additional run was 
made, and this time the descriptions of the subject were 
reported. Another such run was made using the 1.5-degree 
momentary stimulus. 

Results — A typical set of data are illustrated in Table 
III, which gives the results for Subject J. F. using 51-de- 
gree and 1.5-degree momentary stimuli. The descriptive 
terms and phrases used by the other subjects differed only 
in minor respects. When the subjects were shown the de- 
scriptive terms and phrases used by subject J.F. (see 
Table III), they found that these terms and phrases could 
be used to identify their own experiences. They were willing 
to use these terms and phrases in describing their own 
experiences associated with the various momentary stimuli 
of different sizes and brightnesses. A study of these words 
and phrases brings out the fact that there are two or more 
separate factors involved in the comfort-discomfort aspect 
of the visual experience; i.e., the term “desire to squint” 
suggests some type of experience which is based upon a 
different factor than the experience described as “unpleas- 
antness” or “tenseness.” The different objective symptoms 
such as blinking, squinting and tearing suggest a multi- 


TABLE Ill.—Words and phrases used by subject J. F. 
to describe his experiences associated with momentary 
stimuli of different sizes and brightnesses, 
Adaptation level constant at 450 trolands. 


Momentary 
IIlumination 
in Trolands | 14° 


Diameter of Momentary Stimulus 
51° 


Very slightly annoying 


Annoying, slightly un 
pleasant. 
Near BCD level; slight desire 
| to squint and orbital tense- 
ness. Prefers not to look at 
| momentary stimulus. 


1,000 No discomfort or | 
annoyance. 


Definitely uncomfortable, 
| tenseness, desire to squint. 
| May be slight amount of 
irritability. 


10.000 Annoying, slightly 
unpleasant. 


100,000 | Uncomfortable, some tense Very uncomfortable, 

| ness and desire to squint, | squinting. Strong desire to 

| prefer not to look at it. | look away. High irritability 
| | and tenseness. 


1,000,000 | Increased severity of | Intolerable to look at it 
previous symptoms, may steadily, tearing, involuntary 
biinking, plus previous 
experiences in increased 
| severity. 


be slight amount of 
| irritability. 
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stimali diameter and pupillary re 
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Lighting Freeway Intersections ‘Continued 


Lighting designed by Roy W. Matthews, Traffic Engineer, California State Division 
of Highways, Sacramento, Calif. and installed by Leonardi Electric Co. San 
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Lighting for Commercial Kitchens 


Prepared by the Subcommittce on Kitchen Lighting 
of the Committee on Institutional Lighting 
of the Iluminating Engineering Society 
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Figure 4. Luminaires open at the top 
provide a chimnes effect which carries 
dust up away from the lamp. and 


reflecting surfaces 


bigure 5. Fluorescent hh naire with 


shielding sides and eros< louvers 


Figure 6. Incandescent luminaire with 


sealed glass enclosure around lamp. 


Figure 7. Shatterproof and saporproof 


fluorescent luminaire. 
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Here and There with |.E.S. Members 


award ix presented to John Jensen Cright) 
in the Allied Arte Lighting Contest sponsored by the 
Arizona Section of LES. for architectural student« at 
the Arizona State University. Don Willis, Viee-DPresident 
of the Arizona Public Servier Co. and one of the judges 
of the contest makes the presentation. Subjeet of the 
competition was planning the lighting for a mythical 
architect's ofthese Second place honors were won by Lee 
te eight <tudent« <abmitted entries, Judges 
in the competition, which was held May 23. were Paul ©. 
Young, President, Western Clay Product« Co.; Me. Willis. 
and J. of Arizona Publie Servier Co. and 


View Preselent of the Later Mountain Region. 


TRAINING COLKSI sponsered 
the Georgia Seetion of the 
foorgia Power Co. and the Atlanta 
Chapter of the National bleectrical 
Contractors Association, consisted of 
20 sessions, two cach Pueceday evening 
from January LO through Mareh 20. 


“ee story cn prage ZHA. 


IRREFUTABLE. evsidence that an error 
was made (May Th. p. TGA) in report 
ing New Orleans Section as winner of 
the Attendance Award at the Southern 
Regional Conference. The picture 
shows Judd Lough. Chairman of the 
Georgia Section, the real winner (for 
the fifth consecutive time) holding the 
plaque after it. presentation. Further, 
the arm supporting the Speed Graphic 
at left) helongs to the editor whe 
gooted on the May re port. 
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LIGHTING NEWS OF CURRENT INTEREST 


South Pacific Coast Conference — 
Golden Gate Host to Biggest Regional 


SOME of the heads responsible for the outstanding «<uceess of the South Pacific 
Kegional Conference taken at a breakfast) committer meeting during the 


conference, John Walsh, national Director of has the Moor 
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JUDGES. all bellows of the Societys, for the WINNER William Jones. 


gional Contest, in San Francisco. Left to right, ©. M. lations from 


Cutler, ©. 1. Crouch and KR. Shauwer. 


at San branciseo conference was dinner-dance in honor 

of President and Mes. ob. Hartenstein Coenter). Flanking them at the head 

tuble ares Lote Me. and Mes. Rey Me. and Mrs. Harold A. Wright; 

Prof. and Mew. DL VM. bineh: We. and Mes. James b. Barnes; We. and Mes. 
William Koss; and €. L. Crouch. 


CONPERENGE delegates of Calilornia Street Lighting Laboratory 
in Berkeley. 


receives congratu 
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Outdoor Lighting 


Street Lighting 


SLETION CHAIRMEN fraternizing at the South Pacitie Coast Regional Con 
ference, Lote Bill Ross, Mother Lode: Row Keresser. Southern California 


Harold Wright, Golden Gate. 
Thursday, April 12, 1956 


Residential Lighting 
Friday, April 13, 1956 


Store Lighting 
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President's Luncheon 
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Northwest Regional Conference, Spokane, 
Features Top Speakers from Both Coasts 


MEMBERSHIP attendance award of 
Northwest Region is received by Joseph 
M. Doyle, Chairman of Inland Empire 
Chapter, the winner. Blair Plowman, 


Regional V-P made the presentation. 


KEPRESENTING the Northwest Region at the National 


at the Northweet Regional Conference. Eric 
MMILS contest will be Mi-- Dorothy Meteregor. Briti<h 


lett md Walter Potter, past Regional Vice 
Columbia Section, whe is here receiving first prize for the 


President KR. Hartenstein, lett, offers 
while Regional Viee-President Blair 


Presidents, march to the platlorm te the strains of the 
Ke gional contest, 


wedding march Assisted by two other past Regional 


Vs. Ken Hollingsworth aud Walter Lind, they pre his congratulations 
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You can stop this costly confusion! 


Here's a maintenance man with a serious prob- 
lem. His job—replace a defective lamp in a 
lighting fixture equipped with a series slimline 
ballast. One lamp has burned out causing the 
other to burn dimly or go out completely. But 
which is the defective lamp shall he guess or 
test. kither way, your customers lose time and 
money from his confusion. 

You can stop this unnece ssary W aste by spec i- 
fying Westinghouse slimline /ead-/ag ballast 
when one lamp burns out the other lamp is not 


affected. Maintenance men know at a glance 


which lamp to replace. They can perform their 
jobs quickly and efhcently without throwing 
out good lamps 

And you get an extra plus with Westinghouse 
slimline lead-/ag ballasts 

Ihe exclusive UT core design means cooler, 
quicter, and more efhicient Operation For com 
plete details about this unique ballast, sec your 
Westinghouse representative. Or write Westing- 
house Electric Corporation, Lighting Division, 


Edgewater Park, Cleveland, Ohio. 
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Phursday, April 19 


TEN GALLON hat, Alberta style. 
sported — by President Hartenstein, 
right, gift from the City of Calgary 
and the Calgary Studs Club. 
Don bront, left. leader of the 20-man 
Alberta delegation and Calgary Study 
(lub made the presentation. len 
members from Edmonton and ten 
from Calgary studs clubs attended the 


conference. Both groups have reeent 


applied for charters to become 


chapters of 


briday, April 20 
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St. Louis Municipal Airport Terminal Building 


Hellmuth, Yamasaki & Leinweber, Architects 
Ferris & Hamig, Electrical Engineers 


Roberts & Schaefer, Dome Consultants 


@ lIOKW in color corrected mercury lamps, neatly con- 
cealed, produce this masterpiece of comfortable indirect 
light. Not an installation in America like it!... There are 100 
Rambusch Field Representatives. One of them is near you 


and anxious to serve. 


RAMBLISCH DESIGNERS + MANUFACTURERS 
40 WEST 13th STREET, NEW YORK 11, N.Y. 
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HIGHWAYS DRIVE-INS 


BETTER LIGHTING everywhere 


SHOPPING CENTERS PARKING AREAS RECREATION AREAS 


AT LOWER COST to 


Vial! & Kendall, originator of the Seaml Papered Aluminum Lighting 
Stundard and Tapered Elliptical Arm, is now producing designs and type 


to meet any highway. road. area. bridge and trathe signal requirement 


Wherever kK All um Standard and Brackets are specified and 
installed the story is the ane hewer technical problems rapid easy 
installation greater lighting efficiency and the kind of economy you 


can fieure in actual dollars’ 


P & K All-Aluminum Standards and Brackets are always the wisest choice . . 


LIGHT WEIGHT for lowest cost installation. 
NEGLIGIBLE CORROSION for longest service. 

NO PAINTING means large, year-after-year savings. 
SALVAGEABLE, RE-USABLE in event of knockdown. 


P & K CATALOG aff dall 
and use the P & K " & en ; 


planning and advisory 


services without obligation 
5, New Jersey 
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Saturday, April 21 


Great Lakes Regional Conference — 


Toledo Is Host, May 6-8 


Stage plan featured at 


Shetch showing unique 
Light curtains allesiate 
lecterns, for chairmen 


renmtirate 


TELECAST 


Lake~ Regional Conferenes See teat for details 


« 


staging devised for Great Lakes Kegional Conference 
usual contrast between screen and background, Dual 
and speakers, Hluminated by «potlight. on dimmers 


audience attention in pertinent direction. 
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Chairman, 
steps down from podium after intre 
ducing speaker. Light on his podium 


is teow d. 


Speaker, in this case De J. Arner, 
is in place after introduction, and 
light over his podium Con dimmer) is 
raised to full brillianes Vlatform is 
plywood covered with marhbelized wall 


paper. 
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Seven contestants for with their chairman, H. Carney, are: to r. 


front row, George Seiter (first prize), J. J. Warrington, Jack Felkey, Rose 


‘ ly. 


Leonard Gussow. Back row, 


Rochester entry) 


Mr. Carney, Norman Aereidel (proxy for 


and Donald Brown. 
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AVERAGE BALLAST LIFE 


WITH G.E. DESIGN STANDARD 


AVERAGE SALLAST LIFE 
WITH DESIGN TO 
INDUSTRY STANDARDS 


2. 
«TEMPERATURE RISE 


BECAUSE G-E BALLASTS ARE engineered to operate 107), cooler than installation. With this chart, Flora shows you the extra ballast life 
industry standards, they offer 507), longer life in your fluorescent you get when you specify General Electric s cooler operating ballasts. 


Flora* shows you why... 


General Electric Ballasts Last 50% Longer, 
Help You Save Lighting Dollars 


G-E ballast is desig to op builds ballasts that operat ler! necify G 
t t lust t ( ] t t perat Elect fe ballast 
GE 11 t if 
‘ 
t t t lat } t: G-E bal 1 
I } G te ] ffi 
t t mp ting I ! thon bal t 
t | Next ft f tf tad N York 
to meet industs tandards, GE i fluorescent hghting tallation, make *Miss Fluorescent Ballast, GE's Ballast Moscot 


Five more reasons why 

SFNERAL ELECTRIC IS YOUR BEST BALLAST VALUI 
@ EXCLUSIVE SOUND RATING SYSTEM 

@ SUPERIOR QUALITY CONTROL 

@ PRECISE LAMP-MATCHED DESIGN 

@ PROVED PRODUCT LEADERSHIP 

@ COMPLETE CUSTOMER SERVICES 


oe 


Progress /s Our Most Important Product 


G-E BALLASTS ARE constantly spot-checked 
for normal or abnormal temperature rise in 
this special lab. Close contro! of temperature ' 


rise helps assure 50 7), longer G-E ballast life 


G.E. gives you 50% more ballast life by designing 10% cooler than industry standards a 
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Still to Come 


Portable television set Cheld by Bob Taslor, general chairman) is presented 


to President and Mes. Hartenstein as gift) from the Great Lakes Region. 


Morning Session Mas & Morning Session 


Afternoon Session 


Mas & Afternoon Session 


Hospitality suite for visiting ladies saw good servicer for brunch, coffee breaks 


and ge neral meeting» 
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MAKE LEARNING EASY 


116864-48 
with translucent plastic sides 


1622-48 
with low brightness metal sides 


A is for Architects who will welcome Sunbeam Lighting's new L1 680 series, 
scientifically designed to surpass the most rigid classroom lighting specifi 
cations. A is for such outstanding Advantages as unusual high efficiency and 
low brightness, 35° by 35° shielding, translucent plastic side panels for 
reduced contrast ratios and for shallow modern styling to enhance today's 


architectural motifs. Bonderized and finished in all white baked enamel! 


B is for Board of Education members and schoo! administrators who will 
be assured their decision for these Sunbeam Visionaires™ will provide 
their student body the finest, |ong lasting, high quality illumination 
available, with maximum versatility for changing schoo! plans. 


C is for Contractors who will save money through the ease of 
installing the L1680-L1620 series, either ceiling or pendant mounted. 
Fixture channels accommodate sliding clamp hangers, ample 
knockouts provided for easy continuous row or single unit 
installation. Maintenance is simplified by chain-suspended cover 
and louver; lamps can be changed from a single position. 


SUNBEAM LIGHTING COMPANY, 777 EAST 14th PLACE, LOS ANGELES 21, CALIFORNIA 
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BALLASTS 
...for enduring quality® 


ia, all A complete quality line of fluorescent ballasts for Residential, 
Commercial and Industrial Applications. Request our Catalog 
UMC-7-55 for helpful procurement data. 


PREHEAT + TRIGGER START + RAPID START + SLIMLINE 


Specify with Contidence! UM universal manufacturing corp. 


3° East Sixth Street, Paterson 4, New Jersey 
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fact 


LES. Officers Elected k Ho Falls, Ontari May 7-9, 1957 
For Year 1956-1957 


Ar 


October 7-12, 1956 ty ¢ ‘ ‘ June 24-28, 1957 
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‘ 4 


October 18-20, ‘ October 7-11, 1957 
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MORE THAN 10 public atility engineers and electrical distributor representa 


tives attended a 3-day conference at the Tlolophane Lagineering Center, Newark 
Ohio. in late May. A complete inspection trip through the center and factors 


was one feature of the meeting. 
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These di 


tribution curves 
matching them up. There 


airport landing lieht 
a railroad signal, a grade 


are all related to transportation 


mnaling Take a try 


a hroad 


ne tower marker 


trathi 


ing warning, a street livht, and a signal 


Can you match the curve to travel safety? 


See if you can match these existing Corning lenses to their jobs 
We think it might be interesting to reverse the usual sequence—and 
ask you to match the lens to the job. Usually we find ourselves creating 


lenses (like all those diagrammed here) to meet your requirements 

The key to the picture is: 1) Broadcasting Tower Marker, 2) Railroad 
Signal; 3) Grade Crossing Warning; 4) Traffic Signal; 5) Street Light; 
6) Airport Landing Light 
The key to getting the lens you need you'll find in the address below 


CORNING GLASS WORKS, 33-7 Crysto! Street, CORNING, NEW YORK 


Be 
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There is a place for 


Dramatic LUVE-TILE 


in every new building...or re-lighting job 


One-foot Square Louvred Panels Offer 


Practical, Creative Advances Over All Other Types 
—Particularly for Small Areas 


-Tile 


Luve f 


n patent 
tom made 
required 
ade lore 
Luve-Tile 
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nd 


“Engineered Seeing” 


AW 


J. A. WILSON LIGHTING & DIS 


BUFEALS 


PLAY INC. 


KED AND DISTRIBUTED BY LEADING DISTRIBUTORS IN THE UNITED STATES & CANADA 
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STUDENTS winning awards in the Southern California Seetion’s annual Design 
Competition at the Loiversity of Southern California are. left te right: Delmer 
Beeckhart. first; Marvin Tall, second: Paul Woesthell, third: and Riehard Mar 


tin, Peter Rusnak and Sheldon Caris, Honorable Mention. 


Industrial Lighting Is Theme 


Of Milwaukee Spring Conference 


Awards Presented in 
Student Design Competition 
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Balogh and Ted Shepherd; for 
Cort Minneaj Mir Frank (iru Ligt ned 
Roa Manayers wt cou W hitne R. Smith ‘ 
Vice Chav " F. Cyrus Bates, Bates Er Honorable Ment Veter 


Operation |.E.S. 


Office Lighting Practice 


Lighting Training Course 
Joint Georgia Project 


Active Maine Group 
Holds Extension Meeting 


\ 


PORTLAND, was site of meeting co-sponsored by LES. and the 

trical Associates of Maine, April 5. Left te right: front row, Perley bk. Weather 

bee, Local Representative, LB ©. Mo Snyder: back row. Harlow Skilling. 
President of the FAM): Lawrence S. Cooke and VM. Holden. 
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THE PEMCO MERCURY VAPOR STREET AND HIGHWAY LUMINAIRE 


This company's experience with street lighting dates back to 1882 
and you learn a lot about applications and special problems through 


the years. On top of this intimate knowledge, our luminaire offers 


these advantages: high light output efficiency, heavy cast aluminum 


housing, slip filter suitable for mounting on 1%" of 2” bracket arm 


Well be happy to discuss your problem 


ZT 


Street Lighting Manufacturer 


PHILA. ELECTRICAL & MANUFACTURING CO. 
1200 N. 31st Street + Philadelphia 21, Pa. 


Easy Maintenance! Sr op-in reflector sumplifies cleanir Ke mode m live elec trie ally 
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ABOUT PEOPLE 
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Student Awards Made in 
Residence Lighting Contest 


4 ne 


Thaver B. Farrington ‘ 
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George Page as 


My Pay 


Robert Johannesen, 
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Russell Ro Menard | 


Farm Wiring Conference 
Sponsored by NEMA Subcommittee 


n ond infrared 


Warren H. Chase, 
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with luminaires 


of Du Pont LUCITE 


Lucite acrylic resin Combines beauty with 
durability. Tt provides the lehting midustry 

th a material that 4 uperor for many 
types of lighting applieations. Lumuinaires of 
are strong, tree trom discoloration 
ind dimensionally stable. Light i weiht 
they are easy to handle and install 

Nearly two miles of luminaires in the Bay 
town-LaPorte Tunnel Texas demonstrat 
the superior efhciency of Lucite. Manutin 
tured by the Sunbeam Livhting ¢ ompauny of 
Anveles, Calitornia, and instalked by 
Muhl Limited of Houston, the lum 


of provide high transmission 
of the entire ual spectrum, The 
does not discolor and itis practically mpervi 
ous to the effects of fume Vapor und other 
tunnel condition Ihe luminaires of 
ire casily m Hamed and strony cnough to 
sithstand tire Cleaning pl 
(lucie ext Plast Com 
| 1) of Monadnock Mill 
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add tratish nt 


SEND FOR NEW FREE BOOKLET. [hiss ti 
12-pave ilustrated booklet describes all th 


latest property and appl trom chat i 
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A ‘| 
’ hen Dey 
DuPont 
Wilmington 9 
e This “Quality Controiied” label Fon 
bye ed only by a hed extrude C7 
wes the lighting that the lity ( pon le 
extruded material forms to stand opie 4 
rds for low shrinkage and unifor 6 
de Nemours & Co. (Inc.) — oe BETTER THINGS FOR BETTER LIVING 
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THE LIGHTS THAT 
WHEN THE PAINTERS 


No On-Job Storage. No Paint-Spattered Fixtures. 50% Savings on installation costs. 


ob where they're in the 
Onrivo Fixtures 
because each fixture 


s it comes from the box 


of more than 50°. 
about the Gibser 
Drop us a line 


3. SNAP AND ITS UP! © When the painters hove left, the 4. VARIABLE SPACING © Fixtures may be installed in con- 
be delivered to the building and snapped into tinvous rows or spoced at intervals of 4, 8, 12 of more feet 
Units may be added, removed or rearranged any time with- 


fietures can 
we unbosed. Each fiature has a byilt- 
fill-in’ sections close the UNI-RACE where 


ploce as fast as they « 


in plug which engages the receptacle in the UN! RACE. Fia- out tools. Special 


mo fixtures ore mounted 


tures align themelves auvtomotically 


Model 77.424x 


" AND PAT PEP 


i] 7 
ant 
3 (merino | ture ‘ tored on the 
ips into place in a matter of seconds, just 
factor 
Line for ercial appheati \ 
We'll send vou the whole 
he 
“~ 
1, WIRED ON THE FLOOR © A speciol channel (UNI-RACE) --=—=2.,: READY FOR THE FIXTURES © The UNI-RACE in ploce 
of telescoping 4 or sections is assembled ond wired on the 
j floor, then lifted os @ unit and mounted directly on joist, conection, © 
\-beoms or stems. Soves hours of labor. _ power for tools and temporary lighting. 
- 
ortho.77 
Model 68.221x on 


4() feet up...yet all the light you need 
at SEE” level! 


per operating dollar tl 


ting fixtures and lamps must be thing drs 
up high on airplane factories, steel any other Lamy umable 


ports arena and sinular building gh bay operation 


\ tea problem 
means that lamp must be un bor special ippleations, shere color believe vVivania Mercury Vapor 
tally powerful for suthcent tight to appearance important, the Sylvama ing wall sol 


Color Improved Mercury Vapor Lamp est vi 
ong the most ethoent light sources is particularly useful 


leveloped for “high bay” uses 1s See 


¢, phone of write yout neat 
reach the Hoor area vamia othce. For technical and 
appl ution data, write directly te 
i ofth outst, 
inding economy Syivania Paooucts Inc, 


lighting Division, Salem, Mlass. 


yivanmia Mercury Vapor Lamp. It of o 


peration and high output of usable 
es boilhant blue-white light that ha lighe, yivamia Mercur Vapor Lamp In Canada 
Syloania Llectric (Canada) Itd 


micersity lower Building, Wontreal 


SYLVANIA 


... fastest growing name in sight 


Hluminating power. What is more, ‘ idely used for street and highway 
remarkabl efthorent lamp pives helping to keey ur 
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pays Advance Transformer 
ty, M tameteoe Offers World’s Most 


Re-elected wit Complete Line of Quality 

‘CASH IN ON THE Fluorescent Lamp Ballasts 
\ ve tent Through outstanding engineering develoy 

u Robert Trundle, Trundle Cor ments and manute::tut 
n I er, Harvard H. ADVANCE TRANSFORMER COMPANY 

torrie Meter ¢ eve e the wor ‘ 


nd ‘I nh lang nd 1 “THE HEARI 
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r Contr ny res onstant new 
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Hap-E-Lite is an exclusive Alkco 


fixture which actually achieves ! ’ 
what pink bulbs only promise n for Rosenberg Co ‘ 
nes. 
Provides soft warm te rth Miami, | return to oat AD 
Gill 1 a8 manager N locking mstrit 
completo installs es fluor nt neve \D 
ishings. VANCE TRANSFORMER COMPANY h 
Flatters furn prepared helpf te a} } 
@ No color 
Alkco Fluorescent Lamp Ballast 
fixtures. Buyer’s Guide 
ht-pa — 
ids profits the world 
E-Lite bui the wor 
reputation for thos it ent | Hall 
d it. watt 
recommen ranster 
who j weight, etc. TI 
fluorescent | pt 


Me Fluorescent Lamp Ballast 
Cross Reference Guide 


SELL A FIXTURE helt popular 
INSTEAD ofa LIGHT BULB hat should 


Descriptive Folder Washit ballast 
Service-Stocking Distributor 
Plan and List of Distributors 


Write for 


af i page hye } thot 
list nd «tots 
t Lamp B ts, to provid 
812 stock incandescent and fivorescent a he that be e inoper ‘ 
fixtures, recessed and surface. mounted — Cham You re ea cor f one or all of 
tpoint ¢ Chirag these | hures tact ADVANCI 
lus highest quality custom work tool 
Dis n, 2950 North Western Avenue, Chi 
t Alk we i ag 
cago 


4242 N. Lincoln Ave. Chicago 18, 
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2950 NO. WESTERN AVE. CHICAGO 16, ML. U.S.A. 


World's 
Largest 
Exclusive 
Manufacturer 
of Fluorescent 
Lamp Ballasts 


World's Largest Enchusive 
Perescent Lemp Bolte 
¢ 
SOA 
ies 


WESTINGHOUSE 


Ask these 
questions, too, 
when you judge a 
fluorescent lamp... 


Is your investment 
protected? 


Is it 
with tailored glass 7? 


Is it the correct 

type, size and color 
tor the lighting 

job to be done? 


WATCH 
WESTINGHOUSE! 
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ask about CO LOR 
RENDITION 


il 


WATCH WESTINGHOUSE! 
WHERE BIG THINGS ARE HAPPENING FOR voulr 


how to judge a fluorescent lamp ... point no. ee: 
= | | | | 
Westingho 
} 
If you're ke most busine men toda youl 
kre how they per use of color can speed a ae 


Rocecced lighting 
creatively 
engineered! 


Kurt versen 


VERSEN 


yble in 
» 500 


kurt versen 


CUT 
INSTALLATION 
TIME 

IN HALF! 


*Covered by US Patents 2, 456 903 
ond 2,614, 785 Other poterts pending 


Kurt versen company 


Englewood, New Jersey, 25 


ed 


Veraen 


Contemporary lighting creatively engineered. 


ELECTRICAL CONTRACTORS 
WHOLESALERS, 
LIGHT & POWER COMPANIES 


This program is sponsored by a 
these member companies of the 

industria and ¢ mmercial Lighting 


Equipment Se n of the Nationa 


Electrical Man cturers Association 


pur sales 


[hese manufacturers stand ready col 
lectively and individually to cooperate 
with you in every possible way to help 
you get the most out of this CERTIFIED 
LIGHTING PROGRAM, Call on them! 
Ab« te Lighting Divis 

The Jones Metal Fr 
Amplex Corp 
Art Specialty Co 
Benjamin Electr 


M. Black Mfg. 


Compco Corp 
Curtis Lighting 
Day-Grite | 
Eastern f 
Filuores-O 

The Frink 
Fullerton Mfg 
Garden 
General 
Great Northerr 
The Edwin Ff 


ider 


Markstone 
The Metalcraft Pr 


The M 


The Pyle Nz 
Quadrangie Mfg. 
Ruby- Pr te 


ptivray pnt 


Smithcraft 


th 


Syivania ft 
Kurt Verse 
The Wakefe 
Westinghouse 
Wheeler ef 
R 


The Wiremo 
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ere 
ft 42 \ 
| | 
‘ | ‘ if 
| te Me eve to help you increase yQuy_====== 
To meet every application 1 Members 
for efficient accent lighting ‘ ! ‘ ‘ Cy bia Electric & Mfg. Co 
and general illumination, . 
Kurt Versen has engineered ine 
a wide sele n of recess ng. ine 
units. They are ava | ; Co 
wattages from 40 t 
watts ‘ ‘ 
re 
; A typical example ting & Mfg. Coa. 
of time-saving, Preducte Ca. 
of method . ¢ 
f » ‘ Hon”! e Co 
‘ ‘ The Kirtin ¢ 
Lighting Products, Ir 
Yoke with iy ‘ 
NO FRAMING Morlite Equipment ¢ 
method of Overbagh & Ayres Mfg 
flexible for » | juet 
both dry Plaster ring with 
clips and screws 
Cening ‘ iA A. LL. ir ( 
: Flush fit Smoot-Holman 
No v Solar Light Mfg. 
Screws r The Spero Electr re 
‘ 
Reflector aome. Me 
‘ 
‘ ‘ suds Ft jucts 
Fiectr rt 
Write y for latest “ in 
formation on creative P 
. “ ‘ . 


Use The“PLUS FEATURES” Check Lists 
To Sell Finer, More Complete Jobs 


Sell a Bigger Job! 


Sell a Better Job! "iy 
Sella 


GUARANTEED 


PLAN! 


Get Your Lighting Plans Certified 
to Clinch MORE SALES! 


Is Certified Lighting In 
Plus Profits and “Plus Features’ Check Lists go hand in hand in Certified 

Operation in Your Area? 
Lighting installations. With the four “Plus Features’ Check Lists you can 


jer peerated ally 
quickly point out to prospects the quality aspects of lighting and of all electrical 
the advantages of special, additional lighting in specific areas. You sell bigger st yr I ted I 
lighting jobs because these check lists make your customers see the need for a te i ' nen iL 

shes vrit ‘ ht 


hetter lighting job 


Plus Features” give you a solid foundation for your biggest sales clinches 


the guarantee certificate. Issued by an impartial authority and countersipned 


by you, it gives your prospect tangible proof that his new lighting will meet 
national standards. Write today for free booklet and free samples of the four 
Check Lists 


“Plus Features for Stores Schools Offices and Factories 


‘ad 
NATIONAL LIGH , J J, 155 East 44th Street, New York City, Spon gored by the Industrial and Commercial & 4 


quioment Section of NEMA the National Electrical Manufacturers Association 
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designed for long-lasting, all 
weather protection 
mum efficiency, wherever 


lighting fixtures take a beating 


11'S MADE OF 


throughout satin 


for protect 


dampness 


THE UNIT INCLUDES 4 medium base twin 


porcelain lamp t 


inside frosted 
glass diffusers The 
om frame secured to a 


a hinged 
beck plate with a 


APPLICATIONS COVER schools, hos 
pitais, libraries, railway and bus stations 
factories, public and office buildings 


all institutions’ 
FOR OTHER WALL 
BRACKETS in 
terior line. write 
for data on 

the 4 tine Di 
MENSIONS (450 
8” high, 11” wide, 
with @ 4% pro 
jection trom the 
we'll 


Here's durability and 
performance ina 
distinctive modern design 


Striking in its simplicity 


avy die cast aluminum 


1353 Willowghby Ave 


ORDER YOUR 1956 
CONFERENCE PAPER 
PREPRINTS 

NOW! 


at the 1.E.S. Golden Anniversary Conference, 


Preprints of all papers to be presented 


Boston, Mass, September 17-21, 1956 


finished af 


against sun, rave 


fer tor ne 150 Watt 


and fiutes urved 


assembly is simple 


aptive held screw 


Brooklyn 


Resers 


Preprints at 82 per set (50 for mailing). 
Deliver to me at Registration Desk 


Mail to address below 


Vame 


tddress 


rua, allach check or money order if pia 
with requstration fee cheel 


/i fo he mailed, add fos po fade 


Use Coupon Below to Order Now 


set(s) 1956 Natl Technical Conference 


Check enclosed 


Philb Z 
f 
Tr prep papel hye vite | nt > 
ne Nation Pechnical Conference printed ar 
thie se ns. The papers present a 
= ! preprint vil ‘ ou a det i! af 
| lite ‘ the LEIS. Nationa | 
preprints te both th antes 
hho for me reason cannot be present. th 
, pick up your papers AT the Conference or wis) 
Just til 
\ ‘ 
NY 
a 
ghing 
‘ Sp ev 
Bill me 


story... the exclusive “hidden” features that provide 
the unlimited versatility, high efficiency and cost-chopping economy 


_ both instellation ond maintenance. For exemple, Smithcratt's potented 


start to finish! Developments like these are just os ie 
architect and engineer as are Smithcraft’ outstanding 


LIGHTING DIVISION, CHELSEA 50, MASS. 


AMERICA'S FINEST FLUORESCENT LIGHTING 


(} 
> ~ - 4] 
ative lighting and clean, trim, uncluttered ceilings, 
PS There:ere no visible catches, latches, hinges, bolts or screwste 
Nw mer the finished effect... and the wide choice of sizesand 
Py | have made Smithcratt the inevitable choice wherever 
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ILLU} KING 


@ SLOT TED-NECK construction 
is an original ABottre develop 
ment. It gives you a modern light 
ing fixture that stays cleaner longe r 
provides more up-light and results 
in longer lamp lite by reducing the 
operaung lamp temperature. You 
get better, less glaring light, and 
maintenance 1s reduc ed to an abso- 
lute minimum. 


in the neck 
of 


ABouite 


@ In addition to SLOTTED NECK 
construction, Alb tr lighting fix 
tures are available in ALL- WHITH 
finish, inside and out. This glass 
smooth finish is the whitest tta 
nium white porcelain enamel ever 
developed. It wall not rust, or stain 
is impervious to weather, grease, oil 
and tum ind provides a modern, 
effrcrent appearance that 

ompliment Contempo 


rary architecture 
These original ABOLITE 


features are yours at no 
extra cost. 


THE JONES METAL co. 


WEST LAFAYETTE. 


“We've found that 
CHAMPION 
Lamps give us 
the most light = 
for our | 


CHAMPION LAMP WORKS» 


Lynn, Massachusetts 
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by PERFECLITE 


A NEW HINGED DESIGN* IN 
CEILING FAN LIGHTING FIXTURES 


No other ceiling pan fixture on the mar- 


ket today offers all these advantages: 


@ Globe Ainged tor easy cleaning and relamping 


@ I nique safety locking fitter holds globe in place. No 
screws, unsightly extensions or trick springs 


®@ Steel protector ring guards globe against breakage 


@ Provides cetling illumination as well as evenly 
distributed floor lighting 


Fisture Underwriter 
Patent pending 


aboratories, inc. approved 


AVAILABLE IN THE F IWING § 


il 


Giew Diameter Wattage 


THE PERFECLITE COMPANY 
1457 East 40th Street, Cleveland 3, Obie 


Please send me the Perfecite Dato Sheet 54-A for « mplete 


PERFECUTE 
PROOUCTS 


informat 
Name 
Address 
City 


...FOR GENERAL ILLUMINATION | Is YOURS The Latest?... | 
OR ACCENT LIGHTING— | | 
| 


You can t be sure you have 
all the facts about lighting 
unless you have a copy ot! 
the new 


® Surface glare cntircly climinated 


Ring Battles trap spill rays 


Second kdition 
i. 
LIGHTING 
HANDBOOK 


® Concealed mounting: screws leave surface 
trim, smooth and neat 

® Various sizes to accommodate 75 150-, or 
watt lamps 


® Adjustable units can be angled to 20 | 


® Lamp invisible from normal viewing angle 
| 


8 technical committees, thie G47 page lighting 


« 18 sections of ghting practice. theory and 


Appendices Manufacturers’ Reference Date 


7 tos drawings ghting tables charta. graphs, to hely 


nt be another day 


member 


r special 


ORDER NOW! 


Publications Office 


ILLUMINATING ENGINEERING SOCIETY 
1860 BROADWAY NEW YORK 23.N. Y. 


Originators and Manufacturers of Klieglights 
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KLIEGL O Another 
| BAFFLED DOWNLIGHTS 
= — 
| 
4 
Send for wchitecture Ca slog 
you solve tougl ng probleme 
= probleme are lighting probleme, 
2 wit tthe new anTixna x 
Architectural Lighting Division .. . 000 | 
KLIEGL BROS | 
| opy only $5.50 now 


Employment Opportunities 


WANTED FLUORESCENT FIXTURE 
DESIGN ENGINEER 


REPRESENTATIVES EXECUTIVE 
TYPE 


ELECTRICAL ENGINEER 


ENGINEERS — DRAFTSMEN 


If you contemplate moving to 
Southern Catlitornmia please send 
out complete perience 


wation record 


AUSTIN, FIELD G FRY, AIA 


2311 West Third Street 


Los Angeles 57. California 


FLUORESCENT 
FIXTURE DESIGNER 


make air travel 


Perhaps no busine or industry 
more aware of the importance ol safety 
than air transportation. Both plan 
and ar cquipped with every 
to mmsure safe take 
offs and landing ind smooth danver-tree flight 
en route 
bor year Kopp Lenses have been contributing a 
| ife airport operation. Here Kopp 
em extrem dependability on every 
im control, color transmission 
ind other 
product 
de pr nd m ler color tilters of 
other gla par you can on Kopp to 


yrovide the character 
J 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 
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& 
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50” 14° sheet estruded for | 
SPANGLER SIGN WORKS, Philade phia 


INDEN TO ADVERTISERS 
July 1956 


Abeolite 
Jone- 


Lighting Divi<ion 
Metal Product« Co. 


Advance Transformer Co, 34A-35A 


Alexander-Tagg Ind. Ine. 17A 


Alkeo Manufacturing Co. SHA 


EXTRUDED 
Acrylic Sheet 


Benjamin Electric Mig. Co. 
Back Cover 


Century Lighting Ine. 417A 


Manufacturers 
Inside Back Cover 


Certified Ballast 


Champion Lamp Work« 


Corning Glass Work- 25A 


bk. du Pont de Nemours & Co, 
Ine. SIA 


Business 


Gering Products Ine. 


at 


Gibson Manufacturing Co. S2A 


Edwin Guth Co. 
Inside Front Cover 


Alieg! Bros. HHA 


hopp Tine 


Light & Power Utilities Corp. 


Litecontrol Corp. 


MeVhilben Manufacturing Co. 


National Lighting Bureau 


heet ever extruded, me int ) vide by 14 feet long 

ind will be fabricated by Spangler Sign Works Northern Light Co. 7A 
ou Perfeclite Companys THA 
This but another ex imple of Gering ibility to & Kendall IGA 
extrude Crerlite wrvli heets to meet eve ry ck red require- 


Philadelphia Electrical & Mig. 
‘ 


Kambuseh Decorating Co. 


Crerlite ves long service. is weather 1 tant and can be smitheraft Lighting Div. 


Sola bleetrie Co. 


Starring & Company Ine. 


Sunbeam Lighting Co 


svhvania bleetric 


Lniversal Manufacturing Corp. 22A 


Write now for full 


information and pri es! Kurt ¢ ompans SRA 


EXTRUDED ACRYLIC SHEET Westinghouse Corp 


Westinghouse Electric Corp.. 


Lighting ISA 


GERING ppopucts. inc 


KENILWORTH, J 


J. A. Wilton Lighting & Display 
Ine. 26A 


w 
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f 
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OA 
Sheet iVatlabl lear of olored. to $4 wide 
to thick ny practi il length 
painted or silk-screened with present existing paints P| WHA 
2A 
2 
HA 
* Product Inc, 334 
= 
= 
MINATING Kk 


CORRIDOR 


FOR GIMBAL RINGS! 


New low prices for ATi GIMBAL RINGS mean bigger profits for 
you. And, the adaptability and versatility of these rings mean a 
more desirable line to sell your customers. AT! GIMBAL RINGS 
have many uses with PAR 38, 46, 56 and the NEW 64 sideprong 
lamps @s well as the R30, R40 and PAR 38 screwbase lamps 


GIMBAL RING GIMBAL RING 
for PAR 38 46. % for R30 and R40 
and the NEW 64 and PAR 38 screw 


sideprong lamp: base lamp 


WRITE + WIRE + CALL FOR DETAILS 


Alexander-Tagg Ind. inc. eet. 
HATBORO. PA. “OSBORNE 5-7200 


THE ALL-NEW L.E.S. 
Practice 


OFFICE LIGHTING 


Will soon be ready in booklet fo der copies now 


for your customers and contact i with the ge P 
rile R BULLETIN OR SEE 
YOUR ELECTRICAL WHOLESALER 


NORTHERN LIGHT 


ILLUMINATING ENGINEERING SOCIETY WATER ST wave ene 


1860 Broadway, New York 23, N.Y 


it 


whing, 


recogu 
the 
preference 


Ws 


Century Lighting, Inc 
521 West 43rd Street 1820.40 Berkeley Street 


New York 36, N_Y. Santa Monica, Calif 


= LIGHT 
al he-—with a unit de 
M hee 
dite j iver Has tw the 
Before 
hetore meme 
vith 
piitation | | the of 
JULY 1956 ‘ 4 
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qpunetine for its specie duty 


New Sola rapid-start ballast 
is small, quiet, and cool 


prcal of the qquaatity of the complete line of Sola QUIET OPERATION: Iexelu Sola method 


i new twolamp design for core-and-coil assembly, case ign, and compounding 
OW TTY rapid start Lamp This new ballast (Cat. No produce oper itional quietine exceeding that of other 


127 provick mall size plus new standards of leading ballasts designed for sumilar duty 


COOL OPERATION: Ill. tests show copper heat rise i to provide further information for you. He one 


eee | Low temperature rise results im excep a nationwide sales organization maintained by Sola 
tionally cool operation for ballasts of this type and size Electric Co. to provide you with prompt service 


CONSTANT VOLTAGE TRANSFORMERS for Requiction of Electronic and Electrical Equipment © LIGHTING TRANSFORMERS for Al! Types of Fluorescent 
end Mercury Lomes. © SOLA ELECTRIC CO., 4633 Weat 16th Street, Chicege 50, Mlineis, Bishop 2-1414 © NEW YORK 35, 103 E. 
TRofalger 6.6464 © PHILADELPHIA: Commercial Trust Oidg., Rittenhouse 6.4988 © BOSTON: 272 Centre Street, Newton 58. Mass., 
Bigelow 4.3354 © CLEVELAND 15; 1636 Euclid Ave., PRospect 1.6400 © KANSAS CITY 2, MO.; 406 W. 34th S?., Jefferson 4382 © LOS ANGELES 23; 
3138 €. Olympic Blvd, ANgelus 99431 © TORONTO 17, ONTARIO; 102 Loird Drive, Mayfair 4554 © Representotives in Other Principal Cities 


Your area representative, listed below, will be happ 
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CERTIFIED 
CBM BALLASTS 


...glve you more economical 
Fluorescent Lighting 


CBM 
CERTIFIED 


because they are “Tailored to the Tube” 


Y 


Severs type and size of fluorescent tubs 
ha it own proc electrical require 


ment Phu to get ideal performances 


ind lighting economy, it is essential that 
the ballasts provide precisely the electrical 
needs of the tubes they operat 


CERTIFIED CBM BALLASTS ‘ire to 
the ‘Tubs Suilt to exacting specification 

then tested and checked by ETI mon 
dependent agency, Crertitinp CBM 


SAL1.AST ire a dependable assurance 
of both itisfactory and economical 


fluores cont lighting 


Certified CBM Ballasts 


PROVIDE: 
LONG BALLAST LIFE 
FULL LIGHT OUTPUT 
LONG LAMP LIFE 
TROUBLE-FREE OPERATION 


all of which contribute to easrver mainte 


nance and fluorescent lighting economy 


Send for free booklet, “Why it 
Pays to Use CERTIFIED CBM BALLASTS in 
Fivorescent Lighting Fixtures.” 


country’s leading 


Kight of the 
turers of ballasts make CBM 
BALLAST Participation in CBM is open 


to any manufacturer who wishes to qualify 


(0 BALLAST MANUFACTURERS 
2116 KEITH BLOG. CLEVELAND 15, OHIO 
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Things really start to happen 


Proffers. | 
| 
{ | 
| 
| | | 
| ( 


TROFFER SELECTION is greater than ever! | 


Look what happens when you specify 


MIN Troffer Lighting 


APPEARANCE is better than ever! 


pe 
. 

— 

i 

Phere brand new free 
hit 
___ RELAMPING is easier thanever! 
T 
< y - 
) 


